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QUESTIONS CONCERNING the proper treatment of 
wounds in shade, ornamental, roadside, street, and park 
trees (often long-neglected wounds) are being constantly 
received by the Department of Agriculture. This bulletin 
was designed to answer such of these questions as have been 
most frequently asked. It is intended primarily for persons 
in charge of private or public property with httle or no 
knowledge concerning the normal life processes of a healthy 
tree nor of why and how wounds endanger the health of trees. 

Well-estabUshed tree-surgery firms, located in various 
parts of the country, are prepared to handle all grades of 
tree work ranging from the simplest to the most compUcated. 
Many of these have their own special methods, which in 
expert hands are usually quite satisfactory. There are many 
persons, however, who prefer, either from choice or neces- 
sity, to attend to the wounds in their own trees, and the 
information in this bulletin is intended to serve as a guide 
for such persons. Most of the simpler types of work are 
entirely within the range of almost any practical man who 
is famihar with the use of a saw, gouge, mallet, and paint- 
brush. 

Two axioms that should be borne in mind constantly are 
(1) that prompt treatment of freshly made wounds is the 
surest and best method of preventing disease or decay and 
needless expense in the future, and (2) that all old wounds 
should be treated as soon as possible by some method 
similar to those described in this bulletin. 

The following bulletins give information on the selection, 
planting, and care of trees for shade and ornamental 
purposes: Farmers' Bulletin 1087, Beautifying the Farm- 
stead; Farmers' Bulletin 1208, Trees for Town and City 
Streets; Farmers' Bulletin 1209, Planting and Care of 
Street Trees; Farmers' Bulletin 1481, Planting the Roadside; 
Farmers' Bulletin 1482, Trees for Roadside Planting; 
Farmers' Bulletin 1591, Transplanting Trees and Shrubs; 
and Farmers' Bulletin 181, Pruning. They may be pur- 
chased from the Superintendent of Documents, Washington, 
D.C., for 5 cents a copy. 

This bulletin is a revision of and supersedes Farmers' 
Bulletin 1178, Tree Surgery. 
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NEGLECTED WOUNDS 

OUNDS OF ALL SORTS are so common on trees that most 
people have become oblivious of the damage arising from 
neglected wounds, or at least they underrate the possibilities of 
damage. Every broken limb and every other kind of external wound 
that penetrates to the inner bark may allow active plant or animal 
parasites or rot-producing organisms to enter unless these injuries 
receive prompt and proper treatment and care. 

The best, safest, and most economical means of preventing future 
extensive decay, disfigurement, or premature death of a tree is to 
attend to each wound as soon as it occurs. This kind of work is 
simple and comparatively inexpensive. If a wound is allowed to 
remain untreated for some years (as commonly happens) decay- 
producing organisms almost invariably enter and produce a rotted 
area in the wood beneath, often so extensive that a violent wind may 
break the tree at the decayed and weakened spot. Roadside trees 
weakened by decay are especially dangerous to trafBc. Uninjured 
bark or prompt and proper treatment of an injured area usually 
prevents the entrance of organisms causing decay. 

If an untreated wound of several years' standing has developed a 
considerable area of decayed wood or bark, the first question to be 
considered is whether the tree or limb involved is of sufficient value 
to warrant the expense of properly treating it. Should it be decided 
to undertake the work, the too common mistake of neglecting portions 
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that are difficult to reach should not be made. Under ordinary con- 
ditions it should be a thorough, complete, and sanitary job, or else 
nothing whatever should be attempted. If a tree is badly decayed 
or injured, it may be better to remove it and set a healthy one in its 
place; or it may be braced or guyed to prevent breakage in a violent 
storm; or the decayed matter may be removed and the cavity treated 
in accordance with directions given in this bulletin. When large areas 
of rotted wood have been excavated and the cavities either filled or 
left open, the wounds will rarely heal completely. Careful and thor- 
ough cavity work on the trunk of a tree is of much greater importance 
than on a limb, primarily because the limb often may be cut off later 
well behind the diseased area, if need be, without materially impairing 
the general health of the tree. 

Many people still fail to realize the full extent to which properly 
located, healthy, and well-kept trees enhance the value of real estate, 
particularly for residential purposes. From this point of view alone, 
it is wise to keep trees in a healthy and vigorous condition. Often- 
times historical association, scientific value, economic importance, or 
rarity of the species outweighs all other considerations. For various 
reasons trees are unquestionably a real asset whether on private, 
semiprivate, or public property, including highways and streets. 

It costs comparatively little to treat recent wounds properly. Such 
treatment contributes greatly to the health, beauty, usefulness, and 
value of the trees in years to come. This is one of the great economic 
lessons connected with the care and treatment of trees. 

Occasionally in this country, but more frequently in Europe, an old 
or irregular cavity is regarded as more ornamental and picturesque if 
left untreated. Undoubtedly the inrolling callus in such cavities con- 
tributes very materially to the strength of the trunk, in much the 
same manner that H- and I-beams strengthen a building or a bridge. 
It is usually advisable to reduce the size of the crown when a trunk 
is much weakened by decay, whether or not the decayed matter is 
removed and the cavity filled. This is done by cutting off a consid- 
erable portion of all the main limbs, which produces a more compact 
crown and lessens the strain on the weakened trunk. 

STRUCTURE AND LIFE PROCESSES OF TREES 

In order to undertake intelligently any cutting of tissues on an 
injured tree it is essential that one should know something about the 
normal life processes of a healthy tree and how mechanical injuries, 
decay, and cutting affect these processes. 

A tree is composed of three main parts — the root, the stem, and 
the leaf. The root and stem are composed of the bark, the cambium, 
and the wood. 

ROOT 

The general structure of any large root is essentially the same as 
that of the stem, which is described below. The root and its many 
branches serve not only for anchorage, but also as passages for the 
entrance of water into a tree. Practically no water enters elsewhere. 
It enters chiefly through the root hairs and very small root branches, 
passes into the larger root branches, then up the trunk and out through 
the larger and smaller branches to the leaves. 
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STEM 



A cross section of the stem or trunk, a large branch, or a root of 
almost any of our common trees shows that the bulk of it is composed 
of a central cyUnder of wood surrounded by a comparatively thin 
mantle of bark (fig. 1). 

BARK 

The bark is composed of two parts; the dry outer corky bark 
(fig. 1, a), and the moist inner or living bark (fig. 1,6), both of which 
are made up of cells and tubes running lengthwise in the branches, 
trunk, and roots. The outer bark is dead bark tissue serving mainly 
as a protecting layer for the imderlying living bark. It is doubtful 
whether organisms that cause decay can ever pass through an un- 
broken corky outer bark. 
It is through the inner 
bark that most of the 
transfer of organic food 
from the leaves to vari- 
ous parts of the tree 
takes place. Any in- 
jury to the Uving inner 
bark will react unfav- 
orably on the general 
health of the tree . Such 
unfavora ble reaction 
may be slight and imper- 
ceptible, or very pro- 
nounced, depending 
upon the severity of the 
injury and the ability of 
the particular tree to 
overcome that particular 
type of injury. 




Figure 1. — Cross section of a typical tree truiik, showing the va- 
rious parts: a, Outer corky bark; 6, inner living bark; c, cambium; 
d, sapwood; e, heartwood. The concentric rings in the sapwood 
and heartwood are the annual rings. The radial lines extending 
part way or entirely from the center to the bark are the pith rays. 
In this figure the outer and inner bark are represented as approx- 
imately equal in thickness. 



The woody cylinder 
of the older trees, as seen 
in cross section, is com- 
monly divided into two 
more or less well-defined regions, an outer lighter colored cylinder 
known as the sapwood (fig. 1, d) and an inner darker colored cylinder 
known as the heartwood (fig. 1, e). Sapwood and heartwood are not 
always distinguishable by color, however, and at times heartwood 
may be absent. Upon closer examination of the end of a section of 
most of the common trees of the Temperate Zone, it is generally pos- 
sible to distinguish numerous concentric rings (often more or less irreg- 
ular) throughout the sapwood and heartwood. These are known as 
annual rings (fig. 1), because under normal conditions a new one is 
formed each year. 

The heartwood may be regarded as dead or nonconducting tissue 
which is useful mainly in giving rigidity or stiffness to the tree. This 
explains why the heartwood often can rot away, or be entirely re- 
moved, without causing serious injury other than impairing the 
strength of the tree. Most of the transfer of water from the soil to 
the leaves takes place through the sapwood. 
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CAMBIUM 

Between the inner bark and the sapwood in all healthy parts of a 
tree there is a very thin continuous layer of young (embryonic) tissue, 
which is not necessarily sharply marked off from either bark or wood. 
This is the cambium (fig. 1, c). It is this layer that spUts or slips 
so easily in the springtime when the bark is removed to make the 
famihar willow wMstles of boyhood days. During the growing season 
its microscopic elements (cells) are constantly dividing and giving 
rise to new layers of cells on both sides, on the outer side of the cam- 
bium to new layers of bark, on the inner to new layers of wood. Thus, 
the yoimgest layers of both bark and wood are those adjoining the 
cambium. As the cambium is a very tender and thin-walled tissue, 
a comparatively shght injury will kill portions of it; and, once killed, 
the dead area can never again grow new bark or new wood. However, 
the healthy living cambium around the edges of the dead area will 
give rise each year to a new layer of more or less abnormal bark and 
wood. Under normal conditions these new layers of bark and wood . 
(called callus bark and wood) will grow out each year over the margin 
of the dead area a little more than the width of an annual ring, and 
eventually the dead area, if not too large, may be entirely overgrown 
and hidden from view. Such dead spots furnish favorable places for 
the entrance of insects and organisms causing decay unless they are 
promptly and properly treated. 

All new lay^ers of the normal bark and wood of roots, trunk, and 
branches originate in the living cambium, never elsewhere. Conse- 
quently it is of the utmost importance to keep the cambium in a 
healthy and uninjured condition at all times. Diseases or injuries 
that kill large portions of the cambium usually kill the tree. 

LEAF 

Green leaves of the ordinary type are familiar to everyone. They 
are composed of veins made up of conducting tubes or tissues con- 
tinuous with similar tissues in the wood and bark, while between the 
veins are several or many layers of variously shaped microscopic 
cells, which are specially adapted to perform the physiological func- 
tions that are essential to every hving plant. Leaves are the struc- 
tures or laboratories in wliich the organic food of the plant is manu- 
factured from the inorganic food elements. Also they are the organs 
through which most of the water taken up by the roots is evaporated; 
furthermore, it is the leaves that are most active in absorbing oxygen 
and giving off carbon dioxide in the process of respiration, a process 
that is as necessary for all plants as it is for animals, and for analo- 
gous reasons. 

WATER REQUIREMENTS 

The water that enters a tree through the roots is not pure, but 
is a weak solution of many of the chemical substances found in 
the soil. When it reaches the leaves a very large proportion of it is 
given off in the form of a vapor of pure water. The chemical sub- 
stances in solution are not evaporated. This means that practically 
all the chemical substances remain in the tree. As these enter the root 
in a very weak solution a relatively large amount of water must pass 
through the plant and be evaporated, in order to accumulate the 
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chemical substances that are to be utihzed later in various ways as 
needed, or segregated and stored as useless or injurious substances. 

Authentic records of many observers show that trees need a large 
amount of water to keep them in a healthy condition. A single oak 
tree is known to have given off into the air in the form of vapor more 
than 100 tons of water in a single growing season, and an acre of small 
beech trees more than 1,000 tons in a single season. Similar records 
show that an apple tree 30 years old gave off approximately a barrel 
of water each day, and a good-sized birch tree two barrels of water 
on a hot summer day. Other estimates show that the evaporation 
of 200 to 500 pounds of water is required for every pound of wood 
(dry weight) that is produced; also that a square yard of leaf surface 
commonly evaporates from half a pound to a pound of water each 
hour on a hot day. These figures give an idea of the amount of water 
that may be evaporated by certain trees, and of the importance of 
water to a tree. 

Throughout the growing season this water flows continuously from 
the roots through the sap wood to the leaves. Unless the amount of 
water lost by evaporation (transpiration) is promptly, fully, and con- 
tinuously replaced by water taken in by the roots, the foUage may 
wilt. Should this wilted condition continue for any great length of 
time the tree, or portions of it, may be permanently injured. If the 
wilting is slight or of short duration the injury may be temporary 
and subsequent recovery prompt, but if considerable or long con- 
tinued it may cause serious injury or death. Severe injury also may 
result from a partial lack of water, particularly if long continued, 
where no obvious wilting of the foliage results. Examples of this type 
of injury may be seen after long-continued drought, or in the case of 
trees that normally require considerable water when they have been 
planted in dry situations or in sandy soil considerably above the water 
table. Roadside trees often suffer particularly from lack of water on 
account of the abnormal conditions under which they grow, the 
normal water table often being lowered by the highway surfacing 
and the construction of sidewalks, curbs, and gutters. 

Wilting or injury may result not only from an actual lack of water 
in the soil but also from certain abnormal conditions when there is 
water in abundance in the soil, such, for example, as a sudden appU- 
cation of salt water (perhaps from an ice-cream freezer) or certain 
other chemical substances around the roots; or it may result from 
mechanical injury to the sapwood, or the removal of considerable 
portions of it, or from the cutting of roots, or from the clogging or 
drying out of the water-conducting tubes either in the stem or root 
as a result of disease, or from other abnormal conditions that inter- 
fere with the free transfer of soil water. Calcium chloride appUed in 
excess as a dust palliative or temporarily stored along roads may 
injure trees. 

If any great width of sapwood, as measured around the trunk, is 
removed or becomes useless through disease or injury, the tree may 
be seriously injured or killed, at least above the wound. Since the 
water from the soil moves upward primarily through the microscopic 
tubes in the sapwood, which run lengthwise in roots, trunk, and limbs, 
it is possible to remove a long and narrow strip of sapwood extending 
parallel with these tubes with less injury to the tree than would result 
from cutting out a shorter but broader area to an equal depth. This 
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is due to the fact that the broader cut severs and renders useless a 
greater number of these active water-conducting tubes. 

As already stated, water necessarily has to be evaporated in enor- 
mous quantities in order that the needed chemical substances may be 
accumulated in a tree. Water also forms an important constituent in 
all tissues of a Uving tree. The approximate amount (in percentage) 
of water recorded for some of our shade trees under ordinary con- 
ditions will be of interest here: e.g., black locust, 28 percent; white 
ash, 30 percent; white cedar and black cherry, 36 percent; shagbark 
hickory and sugar maple, 37 percent; beech, 38 percent; white oak, 
40 percent; red maple and loblolly pine, 41 percent; white pine, 43 
percent; sweet gum, 45 percent; sycamore and red oak, 46 percent; 
American elm, 47 percent; aspen, 50 percent; incense cedar, eastern 
hemlock, and jack pine, 52 percent; Cottonwood, 53 to 57 percent; 
evergreen magnolia and balsam fir, 54 percent ; chestnut, 55 percent ; 
and white fir, 61 percent. These figures still further emphasize the 
importance of water to a Hving tree. 

Young trees that have been recently set usually need artificial 
watering at least for 2 or 3 years during dry seasons. Other trees 
often require it in order to keep them in a healthy condition, or to 
help overcome the effects of injury, disease, pruning, or cavity work. 
The amount of water needed varies according to local conditions, such 
as slope, soil, exposure, etc. As a rule the best results from artificial 
watering during a dry season will come from a copious watering not 
oftener than once or twice a week, rather than a Uttle every day, but 
^apparently this rule is not without exceptions. 

To accomplish the most good the watering should continue until 
the soil surrounding the smaU feeding roots is throughly soaked. One 
simple way of determining this condition is to apply a considerable 
quantity of water (perhaps estimated by the time the water has been 
running) and, after allowing it to soak in throughly, dig a hole with 
a trowel or spade, and note the depth to which the water has pene- 
trated. With most trees, under normal conditions, it should penetrate 
at least a foot at each watering. This will represent a much greater 
quantity of water than most people reahze. It may be necessary to 
dig a second (or third) hole in order to determine when the requisite 
amount of water has been applied; if so, the second hole should be 
made at least a short distance from the first one, so as to determine 
the penetration of water through the previously undisturbed soil. 
Another watering should be given as soon as the soil becomes dry 
enough to crumble readily between the fingers. This may be from 2 
or 3 days to 3 or more weeks. When the amount of water required 
to reach the roots has been determined for a certain place and also 
the time it takes for the soil to dry out again, the data will be available 
for roughly estimating the quantity of water needed, as well as the 
frequency of its application, provided all conditions imder which the 
tests were made remain approximately the same. The water in the soil 
may be conserved by loosening the surface soil with a rake or harrow 
as soon as the surface becomes sufficiently drv to permit it after each 
watering, or by applying a mulch of straw, leaves, or other suitable 
material. 

In certain situations, particularly where there is a sod or the soil is 
hard-packed or the surface area of dirt is very limited, as often occurs 
between the sidewalk and the street pavement or between walks and 
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walls elsewhere, one way to water the roots is to insert short tile drain- 
pipes vertically in the soil and turn the water into these. If this 
method is adopted, the tiles should be from a foot to 18 inches or 
more long and 2 to 5 inches in diameter, with the top practically at 
the ground level. The top can be kept covered when the water is not 
running, or the drain pipe can be filled with coarse crushed rock. It 
is usually unnecessary and undesirable to insert these pipes near the 
trunk; the best place is out beneath or beyond the ends of the over- 
head branches, as that is where the feeding roots are located in ordi- 
nary round-headed trees. Another and often better way to water 
the roots under such conditions is to use a crowbar to make holes 
18 or 24 inches deep and about the same distance apart throughout 
and somewhat beyond the region of small feeding roots, or a spading 
fork can be used with good results to perforate a sod, just before 
watering. 

AIR REQUIREMENTS 

Air, more particularly oxygen, is as essential to plant Ufe as it is 
to human beings, and for the same reasons. The process of breathing 
(respiration) is the same in both plants and animals, although the 
structures regulating the processes are different in the two types of 
organisms. Air must reach every part of a plant, including the root 
system. It must reach the interior of the plant. In most plants, 
including trees, it enters the interior through microscopic openings 
(stomata) mainly in the lower surface of the leaves, and through 
specially constructed areas of loosely arranged cells (lenticels) in the 
bark. These openings communicate with tiuy labyrinthian air 
channels through the interior. 

Like himian beings trees may become sickly or die if the surrounding 
air (either above or below ground) contains an excess of noxious gases. 
They may be asphyxiated through inability to obtain oxygen, as is 
supposed to happen when the breathing areas in the bark are clogged 
by painting a considerable portion of the healthy bark with air- 
impervious oil, tar, or paint. Most trees may be suffocated (drowned) 
by a long-continued superabundance of water in the soil around the 
roots. 

FOOD REQUIREMENTS 

In the presence of sunlight and heat the tree manufactures its own 
food, mainly from water and its impurities taken in by the roots and 
carbon dioxide from the air. Water from the soil, with small amounts 
of various inorganic substances in solution, is absorbed by the root 
hairs and small roots, carried up through the sapwood of the root, 
trunk, limbs, twigs and through the veins of the leaves to cells con- 
taining the green pigment (chlorophyll). Here in the presence of light 
and heat the transformation from inorganic substances to organic 
food takes place. Some of the water that reaches the green leaves 
has its elements separated and recombined with carbon from the 
carbon dioxide of the air, to form ultimately such organic food sub- 
stances as sugar and starch. 

These newly formed organic foods are carried downward mainly 
through microscopic conducting tubes and cells in the inner bark to 

f)arts of the tree where growth is active. There they may be trans- 
ormed into new tissues of the roots, twigs, leaves, wood, bark, 
flowers, fruits, etc., or if an excess is manufactured it may be stored in 

41789*— 34 2 
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various forms and at various points for future use. Starch and other 
newly formed solid foods necessarily have to be changed (digested by 
ferments) into soluble substances before being carried through the 
tissues to other portions of the tree. 

Whenever a tree shows many dead limbs or twigs or whenever the 
tree has been treated for a considerable amount of disease or injury, 
it is advisable, and often essential, that fertilizers be applied to the 
soil so as to supply raw plant food and to stimulate growth. This is 
particularly important after extensive cavity work or pruning on the 
trunk or large limbs, and this treatment usually is very beneficial to 
all trees that are not in full vigor. 

One of the best fertilizers for immediate effect is nitrate of soda, 
applied broadcast in the spring or early summer at the rate of 2 to 5 
pounds for a medium-sized tree. The direct effect of this usually lasts 
for a year only, but the indirect effect may be apparent the following 
year. It usually stimulates the healing of wounds made by pruning 
or cavity work, and also the production of darker foliage. However, 
an excess, or an appHcation late in the season, may cause injury or 
excessive development of leaves and failure to properly mature the 
new wood before winter. Sulphate of ammonia is even better than 
nitrate of soda except for securing immediate effect early in the spring. 
It is more slowly available and its effects are more lasting, conse- 
quently it is generally safer to use it in the middle of the summer or 
late in the summer. For oaks, most evergreens, and other trees that 
naturally thrive on an acid soil, unless the soil is very acid and quick 
stimulation is imperative, sulphate of ammonia is usually better than 
nitrate of soda. 

A more lasting fertilizer is well-rotted manure worked into the soil 
at the rate of 10 to 20 cubic feet to 100 square feet of soil. Fertilizers 
need not be applied near the trunk, although usually they are not 
without benefit even there. They should be used in a circle just under 
and beyond the tips of the spreading limbs ; say for a tree with Umbs 
reaching 20 feet from the trunk, the fertilizers can be used to the best 
advantage in a circle ranging from 15 to 30 feet from the trunk. 
Under some circumstances it may be desirable to mix manure with 
the soil to a depth of 2 feet or more in a trench beginning at the tips 
of the spreading branches and running out for 10 or 15 feet beyond 
the tips of the branches. This general rule for locating the trench 
apphes only to round-headed trees; for spiry trees have the inner 
edge of the trench about half the height of the tree from the trunk. It 
is not always possible or advisable to do this trenching in the manner 
described, but if the trench is placed nearer the trunk than indicated, 
there is always the danger of injuring the larger roots with the spade 
or fork if great care is not exercised. In some cases no particular 
harm appears to have resulted when the ends of the roots up to an 
inch in diameter were cut off cleanly, as this seemed to stimulate the 
formation of small feeding roots in the new soil in the trenched area. 

A very good, economical method of introducing fertilizers into the 
soil — a method that does not seriously disfigure a well-kept lawn or a 
street parking strip — ^is to make crowbar holes as indicated on page 7 
and fill these with the proper chemical or natural fertilizers, nearly to 
the top. A still better method is to drill holes through the sod to a 
depth of about 18 inches, insert the fertihzer, and force it through the 
soil under high air pressure. As this method requires an air compres- 
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sor, strong air tubes, and a specially constructed patent nozzle, it is 
not available for the novice. Some tree-surgery firms are equipped 
with appliances to do this type of work. In restricted areas such as 
parking strips along streets, treatments may need to be made more or 
less continuously to supply the needs of the trees in order to compen- 
sate for the limited ground space. 

Raw bone meal is a good fertilizer for most trees, but is only slowly 
available. This is often an advantage. It usually stimulates fruit 
and seed production and does not seem to injure trees when used in 
considerable quantity. Lime in small quantity is usually beneficial 
to many trees, but is injurious to many others, especially those that 
grow naturally or preferably in an acid soil, for example, most oaks 
and pines, and black and red spruce, but not the white spruce. 

A few excellent fertiUzers containing stable or sheep manure, bone 
meal, and other necessary ingredients are on the market. As it is 
not easy for the novice to determine just what essential elements 
(if any) are lacking in the soil it wiU be simpler for him to use a fer- 
tiUzer containing nitrogen, phosphorus, and potash, even though one 
or another may not really be needed. 

CAUSES OF INJURY 
PAVEMENTS AND OTHER URBAN CONDITIONS 

Probably pavements directly or indirectly cause the ill health or 
death of more trees along city streets than any other one factor. 
Impervious pavements prevent rain water and air from entering the 
soil. Gas from leaky pipes or even gas from the tar or asphalt pave- 
ments cannot readily escape. Any or all of these conditions may 
cause ill health or death. Exhaust gases from automobile and other 
gas engines are known to be injurious or even fatal to hiunan beings 
and animals, and there is evidence to indicate that such gases may be 
injurious to plant fife also. The fumes and dust from ofled or tarred 
roads, fumes from smelter and chemical works, dust from cement 
works, and smoke are known to cause injury to nearly aU forms of 
plant Ufe with which they come in contact, if they are present in 
sufficient quantity. 

Trees and shrubs often are scorched, burned, or otherwise injured 
by being located where whitewashed or fight-colored walls reflect the 
heat of the sun. Too-dense shade, too-intense sunfight, or too-close 
planting is often responsible for certain types of injury. 

Ice, snow, or wind may break limbs or uproot trees, which in turn 
may injure other trees as they faU. Horses frequently gnaw the bark 
of unprotected street trees. Telephone, telegraph, and electric line- 
men with their climbing spurs and saws are notorious mutilators of 
shade trees in towns where the trimming of trees is not regulated by 
law. Electric wires carrying a high voltage may discharge heavy 
currents through trees if the insulation becomes defective. Wheels 
of horse-drawn vehicles and automobiles frequently wound or tear 
away large pieces of bark. 

LAWNS 

Many ornamental trees are located in lawns or grass plots, locations 
that are not ideal for their best development. However, many trees 
appear to remain healthy under such conditions, and most of them 
win do so if the supply of water and food is sufficient at all times for 
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both tree and grass. If the supply of water for any extended period 
(sometimes for a period less than a month) is insufficient for both tree 
and grass, the former will generally suffer more permanent injury than 
the grass, unless there is some source of water supply in the subsoil. 
Particularly is this the case during dry seasons when the only available 
supply of water comes in the form of occasional light showers or 
artificial watering. Under these conditions the grass may take up 
practically all the water that falls and the tree continue to experience 
drought conditions. A short heavy rainfall, especially on sloping 
ground, seldom penetrates to the roots of the tree, as the sod appro- 
priates the small amoimt that does not run off. 

Perforating the sod with a manure fork or crowbar just before a 
rainfall or routine watering will greatly faciUtate the passage of water 
into the soil beneath the sod. Under certain conditions of sod this 
may be the only practical way of readily wetting the roots of the 
tree without brealang up the lawn. However, there is great danger 
of injuring the roots with the^fork or crowbar if it is used near the 
trunk or over large roots. The proper place to perforate the sod is 
out near and beyond the tips of the spreading overhead branches. 

What has been said regarding the application of water to a grass 
sod applies equally well to fertiUzers when applied broadcast. Owing 
to the fact that a dense mat of grass roots is nearer the surface than 
the tree roots the grass will be benefited by the application, while 
the tree roots may receive practically none. If fertilizers are in- 
tended primarily for the tree they should be placed beneath the sod 
by means of crowbar holes, as described on page 7, or, better for the 
tree, if circumstances warrant such extreme measures, the sod broken 
up, the fertilizer applied, and the ground left fallow for at least part 
of a year, and later resodded or reseeded. Measures of this kind 
must sometimes be used to save or improve the growth of street trees 
that grow under adverse conditiojis at best. The growth of annual 
crops or flowering plants beneath trees is usually beneficial insofar 
as it keeps the soil loosened and aerated and precludes the growth of 
grass sod; while the yearly appUcation of fertilizers to the garden 
enriches the soil and, if manure is used, conserves its moisture. On 
most lawns it is customary to mow the grass and immediately rake up 
the cUppings. If these clippings were allowed to remain they would 
serve as a thin mulch, and as they decayed the soil would be still 
further enriched. The practice of removing the clippings materially 
contributes to the impoverishment of the soil. 

INSECTS 

It is a matter of common knowledge that insects cause in many 
different ways an enormous amount of damage to trees. They also 
cause indirect damage to trees by acting as carriers for such diseases 
as the Dutch elm disease. However, as insect injuries to trees lie 
within the province of the entomologist, they will be cpnsidered in 
this bulletin only in a general way when they are associated with 
fungi in producing decayed areas in tree trunks and limbs. Readers 
who are specially interested in insects and insect injuries and methods 
of control are referred to the publications of the Bureau of Entomology 
of the United States Department of Agriculture and of the various 
State entomologists. 
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Daqaage done by such birds as woodpeckers in plugging holes in 
trees to extract insects lodged in or under the bark is discussed in 
publications of the Bureau of Biological Survey of the United States 
Department of Agriculture. 

RODENTS 

Rodents, such as field mice, pocket gophers, rabbits, and porcu- 
pines, may injure fruit and other trees. Information on these animals 
has been published by the Bureau of Biological Survey. Rodent 
injuries should receive treatment similar to that of other injiuies. 
But in case of complete girdling of young and vigorous trees bridge 
grafting ^ may be used if the value of the tree justifies the expense. 

FUNGI 

Fimgi are low types of plants, which produce no true flowers or 
seeds. They lack the green color pigment of ordinary green plants, 
and in consequence cannot manufacture their own food from the inor- 
ganic elements. However, in order to five and grow they require 
food just the same as all other plants and all animals. Because they 
cannot manufacture organic food they have to obtain it in other ways, 
by appropriating food that has already been manufactured by some 
green plant. YfTien a fungus obtains its food from a living organism 
it is known as a parasitic fungus or a parasite; when from dead organ- 
isms it is known as a saprophytic fungus or a saprophyte. Fungi, 
like other plants, have a vegetative or growing stage and a fruiting or 
reproductive stage. In ordinary green plants the roots, stems, and 
leaves represent the vegetative stage, and the familiar flowers and 
fruits represent the fruiting stage. In fungi the vegetative stage is 
composed of microscopic threads (hyphae) which grow in or on 
living plants or animals, or in or on dead and decaying plant or animal 
matter, from which they absorb the necessary organic ready-made 
food. The vegetative mass of threads is known as the mycelium and 
in bulk may be visible to the naked eye, as, for example, the familiar 
cottony mold on fruits. However, this stage of a parasitic fungus 
usually is not seen by the ordinary observer because it commonly 
occurs only within the tissues of the living plant or animal (known 
as the host) from which it obtains its food. 

The fruiting stage of a fungus is more familiar to the layman than 
is the vegetative. Mushrooms, toadstools, puff balls, etc., represent 
the fruiting stages of certain fungi. Most fruiting bodies of this 
particular sort occur on leaf mold, dead logs, or other decaying organic 
matter, but certain species occur on Uving trees. Fungus fruiting 
bodies occur in a great variety of other forms, colors, and sizes. At 
maturity each of these fruiting bodies commonly produces innumer- 
able microscopic reproductive bodies (spores), each of which may 
produce a new fungus plant under favorable conditions. The dust- 
like cloud which arises from a mature puffball when it is tapped is 
composed almost entirely of such spores. It is obvious from what 
has been said that the prompt destruction of young fruiting bodies 
before they mature their spores is of vital importance in preventing 
the spread of the fimgus, just as the destruction of the annual weed!s 
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before they mature their seeds is one of the most important factors 
in their extermination. 

Other facts concerning fungi that should be kept in mind in con- 
nection with the treatment of tree wounds are: (1) A fungus rarely 
produces a fruiting body until it has a well-developed vegetative stage 
to supply it with food; consequently when a fungus fruiting body 
appears on a tree (or elsewhere) it means that a well-developed 
vegetative stage has existed for some time and is still present. Al- 
though it may not be seen by the naked eye unless massed, its hyphae 
are, nevertheless, growing through the tissues of the host. (2) Usually 
a mere fragment of a single hypha remaining in the wood will continue 
the fungus vegetatively. (3) The area of active growth of the vege- 
tative stage of the fungus can sometimes (but not always) be known 
by its effect on the wood or bark. This often is discolored, water- 
lo^ed, sunken, swollen, decayed, or hoUow. (4) All of this vegetative 
stage must be removed or killed in. order to stop further possible decay 
or disease. (5) If a fungus fruiting body is left on the tree the disease 
may be spread readily to other trees or to other parts of the same tree. 
Also it means that there is a considerable portion of the vegetative 
stage still growing in the tree and capable of increasing the area of 
the disease after the fruiting body is removed. 

Fungi cause many diseases of trees, but, what is of more immediate 
importance in connection with injured trees, they also cause decay of 
the wood, particularly in the immediate vicinity of woimds. If 
unchecked this decay may eventually so weaken the tree that it will 
break in a heavy wind. Failure to properly treat freshly made woimds 
causes needless expense in. later years if attempts are then made to 
counteract the ravages of fungi causing the decay. Organisms of 
decay work mainly in the woody portions of a tree, gaining entrance 
through injuries and neglected wounds of various sorts and extending 
up and down the interior of the trunk, often for long distances. They 
usually continue their work of decay indefinitely or at least imtil the 
infected areas are properly cared for as indicated on page 24. Hollows 
or diseased spots in trees arising from external injuries are familiar 
sights. In most cases they have been caused by fimgi that were 
allowed to grow for years with little or no attempt bemg made to 
check their ravages. Trees along streets and highwaj^s need regular 
inspection for such conditions to prevent their becoming hazards to 
traffic. 

MISTLETOE 

In the Southern and Pacific States mistletoe is a common pest of 
many shade trees, producing on the tree branches globular masses 
from a few iaches to several feet in diameter. Mistletoes are parasitic 
flowering plants that obtain their food by sending rootlike sinkers" 
iato the tissues of the tree and sucking up food that has already been 
manufactured by the green portions of the tree. If mistletoe is in 
great abundance it is a distinct menace to the host tree and in extreme 
cases may kiU it. The complete eradication of mistletoe involves 
killing the ^^siakers" or removing them by pruning. However, 
mistletoe usually can be kept under control by breaking off the 
brittle growths every year or two with a long pole or other suitable 
implement. 
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PREVENTION BETTER THAN CURE 

Preventing the formation of a pocket of decay or preventing a 
disease from getting started on a tree is far better and much more 
economical than trying to cure either in later years. 

If trees are located along driveways or streets, or in other situations 
where horses can easily reach them, they should be protected by 
tree guards. If a limb is so located that it crowds or rubs another, 
one of them usually should be removed. Cut out the one that is 
least essential to the tree, from whatever standpoint is considered 
most important, such as size, \agor, location, symmetry, etc. 

Although the remaining pages of this bulletin are concerned mainly 
with pruning and cavity work, the significant fact should always be 
borne in mind that proper feeding and watering of diseased, decayed, 
or otherwise weakened trees often are of much greater importance. It 
usually is an excellent rule to feed all trees that have been subjected 
to much pruning or cavity work, in order to stimulate prompt callus 
formation over the edges of all wounds, and it is quite essential to 
do so in the case of weakened trees. 

If injuries remain untreated, decay may penetrate into the interior 
of the tree and increase from year to year until large limbs, or the 
trunk itself, become so weakened that they break in a violent wind. 
It requires comparatively httle time and money to clean and paint a 
freshly made injurjr. It often requres much time and money to treat 
properly the same injury after it has been neglected for a few years. 
Moreover, an injury promptly treated will heal and cover the scar 
more quickly and effectively. Almost every large decayed area has 
resulted from an injury that would have required comparatively little 
time and effort to clean, sterihze, and dress at the time it occurred. 
The most economical and effective method of preventing a decayed 
area in a tree is to attend to the injury that may eventually give rise 
to it as soon as the injury occurs, perhaps 20 or 30 years before it would 
become a real menace to the tree. This fact should be remembered 
by tree owners and persons charged with the care of trees. If acted 
upon, it may mean an ultimate saving in later years of many hundred 
percent in the cost of keeping the trees in good condition. 

Practically all cavities might have been prevented if the original 
injury had been properly treated as soon as it occurred, so that the 
healing tissues could have grown over the sterihzed and protected 
wound. Because this has not been done to any extent in the past, a 
demand has been created for tree-surgery methods — methods which 
often cost today, through past neglect, many times the amount that 
it would have cost to forestall the decay 10 or 20 years earher. More- 
over, an injury promptly treated might today be entirely or relatively 
inconspicuous. Neglect for 10 or more years means that the decayed 
area wiU be conspicuous and unsightly for years to come, if not during 
the entire remaining life of the tree. 

WHAT TREES ARE WORTH TREATING 

Most shade and ornamental trees with only a few dead limbs are 
unquestionably worth attention. Others that have many dead Umbs 
or decayed areas may not be worth the expense, particularly if they 
are rapid-growing short-lived trees. This point should be considered 
very carefully before any work is undertaken. Under no circum- 
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stances should a badly diseased or insect-infested tree be allowed to 
remain as a menace to nearby trees that are in a more healthy or 
entirely healthy condition. All diseased or insect-infested bark, wood, 
or leaves should be removed and all freshly cut ^rfaces properly 
treated, or the entire tree should be removed. In most cases the 
diseased portions should be burned inmaediately; in case of doubt as 
to the contagious character of the diseased portions, it is better to err 
on the safe side and bum them. No one can decide better than 
the owner whether a tree is worth the expense of trying to save it, 
because the actual commercial value of an ornamental or shade tree 
usually has nothing to do with the decision. It is generally a question 
of esthetic value, or historic associations, or rarity of species, or loca- 
tion for shade. A man who has had experience in caring for mutilated 
or diseased trees may be able to say definitely whether it is possible to 
prolong the Hf e of the tree, but the owner, who has to do the work or 
pay the bill, is the one who will have to decide whether the tree is 
worth the expense of treatment. Often the owner will be better 
satisfied in the end to have a badly diseased or mutilated tree replaced 
by a healthy, perfect one. In expert hands the moving of compara- 
tively large trees is no longer a hazardous undertaking, although it 
may be expensive. 

WHEN THE WORK MAY BE DONE 

Tree work has heretofore been undertaken at almost any time of 
the year when the sap has not been running too actively and the 
weather has not been too cold. In view of the fact that the plugging 
of the tubes in the water-conducting tissues by means of organic 
gums takes place primarily only during the actively growing season, 
it is quite likely that experience and authentic records later will show 
that the best time for major pruning and cavity work will be during 
May, June, July, and August, and the next best time in September 
and October, for the Northern States; and for a somewhat more 
extended period in the' Southern States. Extensive cutting of trees 
should be avoided during the bleeding" season. In most trees this 
will mean only during the time the buds and leaves are expanding in 
the spring. Freezing weather may injure cement work before it is 
fuUy set. Fillings composed largely of tar or asphalt are harder to 
handle in cold weather. These facts may have some bearing on the 
time selected for doing the work. They are important in making up 
schedules for maintenance and operating crews on pubUc and semi- 
public projects. 

TREATMENT 
THE MOST IMPORTANT OPERATIONS 

In the following pages will be foimd directions for treating injured 
trees, and portions that are decayed or diseased. Several different 
methods usually are described so that a choice can be made, dependent 
upon circumstances or necessity. 

By far the most important operation is to treat all injuries as soon 
as possible. AU spUntered or loose wood and bark should be removed 
with a sharp cuttmg instrument and the cut edges shellacked, and, a 
day or two later, the whole wound properly dressed, as described below. 

When a wound has developed an area of decay, all of this should be 
removed and the cavity treated the same as any freshly made wound. 
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If decay has progressed for some years it may be impossible to remove 
all of the fmigus causing it without so weakening the tree that it will 
be a menace to Ufe and property. This is one of the penalties of not 
attending to injuries as soon as they occur. If all the decayed tissues 
are not removed the fungus may continue its work of destruction. 

In treating tree wounds a few fundamental principles must be 
observed, in order to secure permanently good results. These may 
be simmiarized briefly as follows: 

(1) Remove all decayed, diseased, or injured wood or bark. When 
it is on a limb this can often be done best by removing the entire hmb; 
if it is on a large limb or on the trunk it may be necessary to cut out 
the decayed matter, leaving a cavity. 

(2) SteriUze aU cut surfaces. This may be omitted if a good steri- 
lizing dressing is used. (See item 3.) 

(3) Protect aU cut surfaces from external moisture and other 
injurious external agencies by also applying a more permanent 
dressing over the stenUzed surface. 

(4) Leave the work in the most favorable condition for rapid 
healixig; this may sometimes necessitate filling deep cavities. 

(5) Watch the work from year to year for defects, and if any 
appear, repair them immediately. 

The simplest type of work consists in removing dead or dying 
limbs or neglected or decayed stubs and in treating the wounds so as 
to prevent the entrance of decay-producing organisms and moisture 
while the healing is taldng place. A more complicated type consists 
in digging out decayed and diseased wood and treating the freshly 
cut surfaces of the cavities as described later (p. 24), and sometimes 
in filling the cavities with suitable material. The artificial filling of 
an ordinary cavity does not usually increase the strength of the trunk 
or Kmb. An improperly filled cavity is probably always a menace to 
a tree. 

SOME THINGS TO BE AVOIDED 

The careless use of a long pruning hook or other implement to 
break oflF small dead twigs should be avoided, as every brmse may be- 
come the point of entrance of disease or decay. Climbing spurs pro- 
duce wounds that are very easily and frequently infected. Spurs 
should never be used except on a tree that is soon to be removed or 
destroyed. A man who insists on using climbing spurs in tree-repair 
work should never be allowed to work on trees. Nails and hard 
leather soles and heels on shoes often cause injury. Rubber-soled 
tennis shoes, or sneakers", or some similar soft-soled shoes that will 
not slip should be worn when it becomes necessary to climb a tree. 

limbs or trees should never be guyed by passing wires, chains, or 
ropes tightly around them. These may eventually strangle the 
portions above the encircling band. Encircling fence wires, telegraph 
wires, or clotheslines may act in the same way, killing aU parts of tne 
tree beyond the hgature if they remain tightly drawn around the 
limb or trunk for any great length of time, often in less than a year. 

GUYING AND BRACING 

Closely associated with tree-repair work, and often really a part of 
it, is the guying and bracing of limbs to prevent the sphtting of the 
crotches or to check spKtting that has already started. 

41789^—34 3 
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A simple method of bracing a crotch is to put a hook or eyebolt 
through each hmb, with the hooks or eyes toward each other and 
from 3 to 10 feet or more above the crotch (depending upon the size, 
position, and length of the hmbs), and to tie these hooks by means of 
a strong wire, wire cable with thimble and chps 
at the ends, or chain (figs. 2 and 3). Three or 
more adjoioing Hmbs may be guyed collectively. 
The precautions mentioned on page 28 should 
always be followed, so far as they apply to boruig 
and tarring the hole and countersinking the 
washers of the bolts. On smaller limbs heavy 
coarsely threaded screw hooks or screw eyes can 
be substituted for the bolts. 

A tumbuckle in the rod, bolt, cable, or wire 
guy will be of use in keeping it taut at all times, 
as this permits a ready tightening of the guy 
within certain hmits, should it later become ad- 
visable to do so. If a very taut guy is desired 
one end of a heavy wire (e.g., a telegraph wire) 
can be securely fastened to one eyebolt, looped 
through the second eyebolt, drawn up as tightly 
as convenient, and the free end securely fastened 
liiwll eyebolt, leaving a guy composed of 

two wires. An iron bar placed between the wires 
can then be used to twist them as much as de- 
sired, thus shortening the guy and drawing the 
two limbs more closely together. This simple 
device can often replace a tumbuckle guy. 
If for any reason the guy is to be placed withm 
a foot or two of the crotch, a siagle long bolt or screw rod can often 
be used to better advantage, and sometimes a single long bolt or 
screw rod with a swivel can be used in place of a cable, a chain, or 
a tumbuckle rod where the guyed limbs are not 
likely to twist much as they sway in the wuid. If 
one or more bolts are to be used through, or above, 
a spht crotch, foUow the detailed directions given on 
page 27. More complicated types of bracing may 
weU be left to a reliable commercial tree surgeon 
who is specially traiaed for this sort of technic. 

Occasionally it may become necessary to guy a 
whole tree in order to prevent the breakuig of the 
trunk when an unusuaUy large cavity leaves only a 
thini sheU of sound wood, or to prevent a tree that 
has recently been set from tippiag over before its 
roots^have become well established. This can be 
accomplished by attaching four guy wires or ropes to 
the tree about half way from the ground to the top of 
the tree and haviag these slant downward at an angle of about 45 



Figure 2.— Side view of limbs, 
showing the proper method 
of guying them above a weak 
or split crotch. The wire, 
cable, or chain guy is shown 
at a. 




Figures.— Sectional 
view of the limb in 
figure 2, showing the 
details of placing an 
eyebolt of the type 
shown in figure 2: a, 
Bolt; 6, bark; w, wood. 



to 



four stout posts set firmly in the ground about equidistant around the 
tree (e.g., on the north, east, south, and west sides of the tree). If the 
guying is for temporary purposes only, two broad bands of leather or 
stout canvas or other strong material, each long enough to make a 
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loop at least twice the diameter of the trunk or limb to be encircled 
and 4 to 6 inches wide, may be passed around the tree or some favor- 
ably situated limb and two adjoining guys attached to each loose 
loop. If a permanent guying is needed, two eyebolts (or hookbolts) 
can be placed through parallel creosoted holes in the trunk or limb 
about halfway up the tree, one 6 inches or more above the other. The 
eye of one bolt should be on the opposite side of the tree from the 
other. Two guys from two adjoining posts are attached to each eye- 
bolt, the latter pointing halfway between the two posts to which the 
guys are to be attached (fig. 4). The chafing of a limb against a guy 
should be prevented by padding the guy wire with a piece of garden 
hose or the limb with burlap, provided the guy cannot be so placed or 
braced as to clear all limbs. A piece of an old automobile tire may 
often be used effectively. 



REMOVING BRANCHES 




The removal of healthy, broken, dead, or diseased branches when the 
cut is made entirely through healthy wood comprises two essential 
operations: (1) Removing the branches in a 
manner that will prevent injury to the sur- 
rounding bark and cambium and leave the 
wound in the most favorable condition for 
prompt healing; and (2) steriUzing, shellack- 
ing, or otherwise protecting the scars against 
infection. If decay rims back into the trunk, 
a third step is necessary. All decayed matter 
should be excavated, following the directions FiGUBE4.~sectionai viewof atree 

1 ^ Wr 1 / nA\ trunk, snowing the details of 

given imder Cavity Work (p, 24). placing bolts for permanently 

The most useful implements for remov- rhlfiletU' of 
me: larere branches are a good-sized saw with used also in guying three or more 

, ° , , 1 ^ . 1 , limbs together. The broken lines 

teeth so set as to make a wide cut, a gouge, a indicate the guy wires, 
chisel, a mallet, and a strong sharp knife. 

An oilstone is needed for sharpening the tools. For cutting limbs 
near the groimd, these are the only necessary implements, although 
others may often be convenient. 

For work higher up in the tree ladders or ropes may be needed. If 
the work is to be done from the ladder, the top should be securely 
tied or otherwise fastened to the tree so it cannot slip. Most tree 
workers have practically abandoned the use of ladders except to get up 
to the lowest branch of the tree, ropes being thrown over limbs higher 
up, both for assistance in climbing and for support for the workman 
below, or to enable him to swing from one portion of the tree to another. 
A light one-pole scaling ladder similar to that used by firemen will 
sometimes be handier than the ordinary heavier two-pole ladder. 
This can be hooked over limbs at different heights and used to f acih- 
tate fastening the ropes. If a scaling ladder is used, the hook should 
be well padded with some soft material to prevent its bruising the 
bark. If the workman wears a heavy belt with a strong snap hook 
attached to it, similar to that used by electric linemen when working 
on a high pole, and has this hook snapped into a loop at the lower end 
of a rope securely attached to an overhead branch, a fall may be 
prevented. 
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After a severe ice or wind storm all broken and hanging branches 
that are a menace to hfe or property should be removed promptly, 
generally by being cut at the break. A general survey of the condition 
of the tree should then be made in order to learn whether injuries are 
too numerous or extensive to warrant attempting to save it. If an 
attempt to save the tree seems warranted, and the tree is badly 
smashed, some or aU of the main stubs (after the splintered ends have 
been trimmed off) may be left until growth starts sufficiently to 
show where vigorous buds or shoots wm develop. The ends of the 
stubs may then be removed with a slanting cut starting just above a 
vigorous bud or shoot and running back and across the limb at an 

angle of about 45°, and the scar 
properly treated. The develop- 
ing bud or shoot must be at the 
peak of the slanting cut. 

A large limb should rarely be 
removed by a single saw cut from 
the upper side, as this usually 
strips the bark and wood below 
the scar as it falls (fig. 5). A 
prelimiaary cut should be made 
on the under side, usually from 
6 inches to a foot beyond the point 
where the final cut is to be made. 
It should reach from a quarter 
to half way through the limb 
(fig, 6, a). A good time to stop is 
when the saw becomes pinched 
in the cut. A second cut should 
be made on the upper side of the 
limb, an inch or more beyond 
the first one (fig. 6, b) and con- 
tinued until the limb falls. A 
third cut, to remove the stub, 
should then be made close to the 
trimk (fig. 7, c). When nearly 
severed the stub must be sup- 
ported so as to avoid any possi- 
bility of strippiag the bark on the trunk as it falls. The first and 
second cuts may be omitted when a limb is so small that it can be 
held firmly ia place until completely severed. If desired, the edges 
of the scar may be smoothed with a sharp chisel to conform to the 
trunk. A flat cut of the type described wiU usually heal over with 
a depressed place in the center. This is sometimes objectionable. 
In attempting to counteract this tendency some tree workers leave 
a slightly conical or convex scar, the center being an inch or more 
higher than the margin for a scar 6 inches in diameter, and propor- 
tionally higher ia larger scars. All final cuts should be made so as 
to allow rain water to drain off readily. 

A large limb often can be removed safely with a single downward 
saw cut close to the trunk if handled as shown in figure 8. The object 
of the rope or prop is to Uf t the base of the limb as it falls, thus caus- 
ing the splinter of bark and wood to be stripped from the branch 
instead of the trunk. This splinter attached to the trunk is then 




Figure 5.— The wrong way to remove a heavy limb. 
A single cut from the upper side usually makes a 
long wound below the scar where the bark and outer 
wood are strippjed: a. Limb; 6, saw cut that severed 
the limb; c, strip of bark and wood stripped from 
the trunk; d, shoulder of the limb. 
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sawed off. It is bad practice, as well as a menace to the tree, to leave 
a projecting leafless stub (fig. 9) as such a stub will almost always die 
back close to the trunk or supporting limb and into the heartwood if 
left untreated. The scar should be pointed at both ends (fig. 10), as 
this is the most favorable shape for satisfactory healing. If the cut 
has not been made through perfectly healthy wood, the wound should 
be cut back until sound healthy wood is reached. 

A good coat of shellac varnish ^ should be appHed with a suitable 
brush over the entire cut edge of the bark, the adjoining outer sap- 
wood, and the cambium, inmiediately after the cut is made, or at least 
as soon as the cut surfaces are suj05ciently dry to allow the sheUac to 
stick securely to the wood. This 
is to prevent any appreciable dry- 
ing out and consequent dying back 
of the cambium. Shellac is merely 
a temporary dressing, although it is 
a very important step in the repair 
process (p. 14). Usually it is un- 
necessary to sheUac more than half 
an inch on either side of the cam- 
biima. If the scar is a large one, 
a sharp knife or drawshave should 
be used along the margin for 1 or 
2 minutes, and then the freshly 
cut sxurfaces shellacked, the opera- 
tion being repeated until all the 
bark and outer sapwood encircling 
the scar have been shellacked. The 
maximum benefit from shellack- 
ing is not Ukely to be realized if 
the freshly cut surface is allowed 
to remain dry and without shel- 
lac for more than 3 or 4 minutes. 
The shellac brush can be cleaned 
readily at any time by working 
it around for a few minutes in 
a can of water in which a little 
borax has been dissolved. It is then rinsed in clear water and dried 
before being used again. The sheUac can be conserved while in 
use by having the handle of the brush fitted tightly through a hole 
in the cover of a friction-top can, and leaving the cover on the brush 
when it is used to spread the shellac. 

A mixture of 4 parts asphaltum and 1 part of paraflSn applied 
warm is used in place of shellac to protect the freshly cut cambium 
in some western orchards and is highly recommended for that 
purpose by those who have used it. 

For the work of removing small branches, either a saw, a sharp 
strong knife, a hand pruner, a chisel, or a long pruning hook may be 
used, as seems most suitable. In skillful hands a small sharp hand 

2 The shellac varnish should be made up in accordance with Federal Specifications Board specification 
no. 376. In brief, this is, stick lac "cut" in 95-percent specially denatured alcohol, formula no. 1 of the 
U.S. Internal Revenue Bureau (i.e., 100 parts ethyl alcohol and 5 parts approved wood alcohol). 




Figure 6.— The right way to remove a heavy 
limb. The first cut is made on the under side 
of the limb at a. The second cut is made at 6, 
and is continued until the limb falls. 
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ax may be used to greater advantage. In removing small branches 
and twigs the cut should be made as close to the surface of the sup- 
porting branch as possible, so as to leave no projecting stub (fig. 9). 
A sharp knife, used in an upward cut, is the best tool for the work and 
should be employed, when possible, in preference to the hand pnmer 
or pruning hook. When the hand pnmer is used the cutting blade 
should always be turned toward the tree, so that the supporting 
bar makes its bruise on the part that is cut away. The long pruning 
hook should be used with caution, and only when the place to be 
pruned cannot be reached with the knife or hand pruner. 

For protection against possible infection, the pruning wounds must 
be treated in much the same manner as recommended above for those 
on larger branches. For covering the very 
small wounds no more permanent covering than 
sheUac may be needed. Liquid grafting wax 
is particularly satisfactory for scars less than a 
half inch in width on choice trees or shrubs, or 
on scars that are susceptible to injury from the 
use of tar or creosote. In resinous trees the 
exuding resin, if well smeared over the cut, will 
usually give ample protection against the en- 
trance of decay-producing organisms. 

The statement has often been made, and very 
widely accepted, that it is unnecessary to paint 
the scars made by cutting smaU branches a half 
inch or less in diameter; but the writer has ob- 
served many instances in which serious diseases 
have gained entrance through wounds that were 
considerably less than haK an inch across. For 
thorough and careful work, particularly on 
choice trees or shrubs, the smaller scars should 
be as thoroughly treated as the larger ones. 
Care should be taken, however, that water- 
proof and airproof coverings are not appUed 
to the surface of the uninjured bark adjoining 
the wound, or injury may result. SmaU un- 
treated scars near the tips of smaU branches 
are not ordinarily a source of great danger, for if infection takes 
place it usually is possible to cut off the smaU limb farther back 
without seriously disfiguring the tree. 

It sometimes is desirable to alter the shape or to reduce the size 
of the crown by pruning. When the trunk, or a crotch, is much 
weakened by decayed heartwood, or by much cavity work, it often is 
necessary to prune back heavily all the main branches, so as to mate- 
rially reduce the size and weight of the crown. By so doing its weight 
is reduced, but what is of even greater importance, there are no long 
limbs left to exert their tremendous strain on weakened trunk or 
crotches when the wind blows. Trees pruned in this manner usually 
produce a smaller, well-rounded, and compact head in. a comparatively 
few years. This type of pruning is common in Europe and in the 
drier regions of our own Southwest, but rarer in the eastern part of 
the United States, although it has been used with excellent results in 
the Arnold Arboretum. Under certain conditions, notably when the 




Figure 7.— The right way to 
remove a heavy limb. The 
third cut is made close to the 
trunk so as to leave no pro- 
jecting stub. Both 0 and b are 
the same as in figure 6: c indi- 
cates the position of the third 
cut; the shoulder of the limb 
is shown at d. 
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Figure 8.-— A heavy limb can often be removed safely 
with a single downward saw cut if the limb is supported 
with a tightly drawn rope, as shown at A, or by a firmly 
placed heavy prop, as shown at B. This causes the end 
to lift as the limb falls. Both rope and prop should, if 
possible, be so slanted as to cause the limo to swing 



If the rope is tied 

to a living overhead branch, the latter should be well 



trunk is small, hollow, or otherwise weakened, it is the only type of 
pruning that should be considered. Street and roadside trees should 
be pruned in such a way as to 
preserve their general normal 
outline as nearly as possible. 
Pruning also is commonly em- 
ployed on fruit trees to stim- 
ulate fruit production.^ 

STERILIZING AND DRESSING 
WOUNDS 

The ideal dressing for a 
woimd is yet to be discovered. 
Many antiseptic and steriliz- 
ing preparations have been 
used with more or less suc- 
cess, but no dressing known 
has proved reasonably eflS- 
cient unless the work has been 
carefully followed up from 
year to year and defects that 
appeared promptly repaired. 
Ordinary commercial creosote 
(a coal-tar product, sometimes 
called creosote oil) apparently 
is one of the best preparations 
for destroying and preventing 
the growth of wood-destroying 
fungi. It can be appUed to a tree wound with an ordinary paintbrush 
and should cover every part of the exposed wood that has not 
already been covered by the shellac. The entire 
shellacked and creosoted surface may then be 
painted with thick coal tar or asphalt. For apply- 
ing clear hot asphalt use a cloth swab or a brush 
made of broomcom, as the bristles of an ordi- 
nary brush usually are soon destroyed if the 
asphalt is very hot. 

A single application of a mixture of creosote and 
coal tar (about one fourth or one third creosote) 
to cover the entire scar has been extensively used 
with good results. A better dressing is made by 
mixing melted asphalt with an equal quantity 
(by weight) of creosote. As creosote is inflam- 
mahle, care should he taken that it does not come 
in contact with an open flame. A good way to mix 
the two ingredients is to melt the asphalt, then 
remove it from the heater and thoroughly stir in 
the necessary amount of creosote. If the mix- 
ture is too thick to apply when cold, reheat it and 
stir in more creosote. Asphalt without creosote 
(p. 31) is one of the best coverings and doubtless would be more 
generally used were it not necessary to apply it hot. A prepared 

8 See Farmers' Bulletin 181, Pruning. 



away from the trunk as it is severed, 
to a living overhead brand 
padded to prevent injury. 




Figure 9.— A projecting 
stub of decaying wood 
which has become a men- 
ace to the living parts ad- 
joining. This limb was 
cut at the point marked a; 
it should nave been cut 
at b. 
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emulsion of asphalt and water can be obtained in the open market. 
This preparation is excellent for wounds and can be appUed in the 
same way as ordinary paint. It does away with the necessity of 
heating the preparation and after a few hours the water largely 
evaporates and leaves a coating of practically pure asphalt. The 
brush used to apply it soon becomes stiff, unless kept in water when not 
in use. Instead of a brush, a cheap, easily made swab can be used 
and may be discarded later. Paint alone frequently is used for a 
dressing but is less effective. 

The creosote and tar mixture at times will cause injury when used 
around wounds on certain trees, especially cherries, peaches, and plums. 

Except on magnoUas and tuhp trees, such injury has not 
been especially noticeable on most of our common shade 
trees. If injury from the use of this dresskig is feared, a 
moderately blue solution of copper sulphate in water, or 
1 part of corrosive sublimate in 1,000 parts of water, may 
be used as an antiseptic wash. The copper-sulphate so- 
lution is composed of 1 pound of copper sulphate (blue- 
stone or blue vitriol) in 3 or 4 gallons of water. Corro- 
sive sublimate (or bichloride of mercury) is a deadly poison 
to man or animals if taken internally and is a caustic or 
corrosive agent on the skin or on metals. The 1 to 1,000 
solution can be made most readily by purchasing the 
7- or 7.3-grain tablets of bichloride of mercury at a drug 
store, where they are sold subject to laws governing the 
sale of poisons. One of these tablets dissolved in a pint 
of water will make a solution of the proper strength. 
The solution should be freshly mixed for the best results. 
Usually it will retain sufficient strength for ordinary use 
for 2 or 3 months. If placed in an amber or blue bottle 
away from the Ught, it will keep at least 2 or 3 times 
longer. As a precautionary measure against the acci- 
dental poisoning of domestic animals, the discarded solu- 
tion should be buried rather than poured into a sink 
drain or thrown out on the surface of the ground. Solu- 
tions should not be kept in metal containers, nor should 
brushes with metal coverings or wire-fastened bristles be 
used for applying it, as the solution promptly corrodes aU metals with 
which it comes in contact. As soon as the antiseptic wash is dry the 
wound can be painted with any good lead paint, or even spar varnish. 
Graftiug wax (particularly thick Kquid alcohoUc grafting wax) is 
excellent for treating small surfaces. 

Some tree workers treat large scars by charring the surface with 
a gasoline or alcohol blast torch and then quickly covering the hot 
surface with heavy tar, pitch, or hot asphalt. Heat is an excel- 
lent sterihzing agent, but it kills back the cambium considerably. 
Healthy trees that have wounds caused by very recent fires usually 
require no further steriKzation. A good treatment for such trees is to 
scrape off most (but not all) of the charred wood and dress the 
wound as indicated in this section. 

On particularly choice trees, where the black color of tar or asphalt 
is objectionable, the scar can be steriUzed with the corrosive sublimate 
or copper sulphate solution and, as soon as dry, shellacked. When 




Figure 10.— If the 
shoulder has been 
removed and the 
upper and lower 
ends of the scar are 
broadly rounded 
or square thev 
should be pointed, 
as indicated by 
the broken lines. 
If the shoulder 
(fig«. 6, d and 7, d) 
has not been re- 
moved the point- 
ing of the scar is 
not so important, 
and at times it is 
unnecessary. 
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the shellac has hardened it can be covered with spar varnish. For 
many purposes and on many trees this treatment is particularly 
satisfactory. If the scar is clean and healthy and not located near 
any former area of decay or disease, the sterilizing washes may be 
omitted and the shellac appUed directly to the unsteriHzed scar. The 
alcohol in the shellac is a good steriUzing agent. If it is desirable that 
the scar be colored to match the bark, a suitably colored coat of paint 
can be applied over the shellac and allowed to dry before the coat of 
spar varnish is appUed, or the spar varnish may be omitted. 

In some western orchards good commercial bordeaux paste, mixed 
with sufficient water to allow it to be handled like thick paint, has 
been quite extensively used with good results but is recoromended 
for temporary purposes only by those who have used it. Apparently 
it has the advantage of being air-porous but the disadvantage of 
weathering away rapidly. ^ Moreover, it is poisonous if taken inter- 
nally and consequently might be a source of danger if used where 
children or domestic animals could easily reach it. Another prepara- 
tion still more highly recommended for use in western orchards is a 
thoroughly stirred mixture of bordeaux powder and raw linseed oil 
in proper proportion to make a thick paint. Ordinary commercial 
water glass (sodium siUcate), in the proportion of 3 parts of water 
glass to 1 of water, is another preparation that is being used, particu- 
larly in the Middle States, as a woimd covering. Although at present 
it gives some promise of becoming useful imder certain conditions, 
the extent of its usefulness and its limitations apparently have not 
yet been satisfactorily demonstrated. Both bordeaux mixtures and 
the water glass are mentioned here merely as promising possibilities 
which need further testing to prove their worth for shade-tree work. 

Permanently good results can he assured only when the dressed surfaces 
are watched from year to year and recoated annually or biennially ^ 
especially when any tendency of the coating to blister^ crackj cheeky or 
peel is observed. This is a very important part of the work, a pari that 
is commonly neglected. It is best to recoat the wounds regularly every 
year J even though no cracks or blisters appear. Blistered or loose portions 
of dressings should always be removed just before repainting. 

Weather checks or cracks appearing in the wound must be treated 
inmiediately, in order to prevent possible reinfection. If these cracks 
have been neglected for a time and are sufficiently wide (one sixteenth 
of an inch or more) to permit them to be sprayed or washed with a 
sterilizing fluid, this should be done, and the surface repaiated. If 
the cracks are too wide for the new dressing to bridge easily, they may 
be filled with sawdust and tar, or even with cotton dipped in tar or 
creosote, which is pushed into the crack with the point of a trowel or 
putty knife before the wound is redressed. 

The healing of wounds by means of new callus growth at the sides 
is oftefi more rapid if neither paint nor other generally used water- 
proof covering is applied (shellac excepted). However, the rapid 
healing of a wound is of secondary importance to preventing the 
entrance of decay-produciag organisms. To prevent, check, or re- 
move decay is one of the most important and essential considerations 
in the treatment of injured trees. It is of vital importance in the 
case of long-lived trees. With short-lived trees it obviously is of 
relatively less importance. 
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One of the best (though little-used) methods of counteracting the 
danger arising from cracks in large fiat scars, particularly scars that 
are sound and healthy, is to cover the freshly dressed wood of the 
wound with heavy tarred paper, or, better, heavy cloth, firmly tacked 
to the wood and painted. The cloth should be cut slightly smaller 
than the scar, so as to leave about one eighth of an inch between the 
edge of the cloth and the cambiimi. This edge should be firmly 
tacked down in a manner that will make it impossible for the growing 
callus to push imderneath the edge and Uft the cloth. In resinous 
trees the exuding resin usually makes a good and sufficient dressing to 
smear over the wound before the cloth is apphed. 

CAVITY WORK 

Cavity work in a tree involves cutting out decayed wood. As 
abeady stated, it often is impossible to get all the decayed matter out 
without so weakening the tree that it may become a menace to life 
and property, unless the crown is materially reduced by pruning. 
Many private and commercial workers recommend filling the cavity. 
A filled cavity that was not properly cleaned and dressed before being 
fiUed is of doubtful value. A filling serves mainly to force the new 
growth of wood and bark across the cavity. 

When an injury or wound (except one naturally protected) has 
been allowed to remain imtreated for a year or more, wood-decaying 
organisms almost invariably produce an area of decay beneath the 
exposed smiace of the wood. If untreated, this area increases in size 
and depth imtil it may so weaken the limb or tree that a storm wiU 
break it at the weak point, or the decay may have developed to such 
an extent that any attempt at treatment would be a waste of time 
and money. Such areas of decay often are aggravated and increased 
by the presence of insects, particularly borers and ants. All such 
regions of decay, if they are treated at all, should be attended to 
promptly for best results. Irrespective of the size, age, or location of 
the decayed or diseased area, the first steps toward checking it are 
practically identical in all cases. They may be regarded as com- 
prising two essential operations: (1) Excavating decayed and diseased 
wood, and (2) steriUzing and dressing cut surfaces. 

The necessary tools for digging out the decayed wood are few. As 
a rule, two outside-ground socket-handled gouges, a chisel, a mallet, 
a knife, and an oilstone are sufficient for ordinary work. One gouge 
should have a curved cutting edge of about an inch, and the other one 
of perhaps IK or 2 inches. A smaller and stouter gouge may have to 
be used in trees that have very hard wood, e.g., Uve oaks, etc. The 
gouge, chisel, and knife shouldf never be used on the bark or near the 
cambium when they lack a keen edge, as duU tools may easily injure 
the latter. In cutting out deep cavities, longer interchangeable 
handles for the gouges may be necessary. A ladder or a stepladder 
may be required if the work is more than 5 or 6 feet from the ground. 
As the work progresses, the desirability or convenience of having 
certain other implements will often become evident. 

EXCAVATING 

One of the fundamental principles in controlling disease (whether 
of animals or plants) is to remove, destroy, or render harmless the 
organism causing the disease. Decay or rot in trees is caused by 



TKEATMENT AND CARE OP TREE WOUNDS 



25 



various specific organisms. These must be removed, killed, or other- 
wise rendered harmless, in order to stop the progress of the decay. In 
trees the diseased tissue is usually removed by cutting. But cutting 
out the decayed tissue alone is not sufficient. All wounds must be 
protected against reinfection and, what is equally important, cracks 
that appear as a result of surface-drying after the work is completed 
must be plugged or covered as indicated later, for reinfection of 
wounds may take place in these cracks. 

Usually an old neglected area of decay is partially or wholly covered 
by a comparatively recent growth of wood and bark around the edges, 
and the visible portion may be comparatively small (fig. 11). In such 
cases it often is necessary to enlarge the opening, in order to have 
sufficient room in which to gouge out the interior. This opening 
should not be made any wider than necessary, as it materially reduces 
the flow of sap by severing additional sap-conducting tubes (p. 3), 
but it can be made sufficiently long to reach all the decayed heart- 
wood with little or no additional injury to the conducting tubes. The 
opening should be pointed at both ends. If much living sapwood is 
cut away at the sides of an opening during 
the growing season the foHage of the tree 
should be reduced proportionally by pruning 

or by stripping the leaves sufficiently to ft^^^^^^^^^^Wk^-r-^ 
prevent wilting. ^ * ' 

The most important part of this work is 
to remove the diseased, decayed, or insect- 
eaten wood, or otherwise check the growth 
of the fungus organism. Excavating should 
be continued imtil sound and uninfected figure n.-section of a tree with 
wood is reached. All discolored or water- ^5«.''^i,'!^-'i^l?ffl?^^^^^^ 

, , 11111 11 1 over, snowing (a) a large decayea 

soaked wood should be removed, unless such ^sfbrfrom\he^exS^ r ^^n" e? 
excavating is Uable to seriously weaken the SvatSig^ttie le^yeS^area t^he 
tree as this is the region in which the rot- TaiiSL'^int^^^^^^^^^ 
producmg fimgi are usually most active. 

Infected wood usually extends some distance beyond the visibly dis- 
colored portion. In decayed areas of many years' standing there 
may be only a thin shell of healthy wood aroimd the cavity, in 
which case there is danger of the tree being, broken by storms 
unless braced, guyed, or crown-pruned. Unless there is some very 
special reason for attempting to prolong the life of such a tree it is 
better to have it removed and replaced by a healthy one. 

SHAPING THE CAVITY 

All parts of the cavity should be shaped so that it will be impossible 
for water to remain in any hoUow. When the cavity extends below the 
surface of the ground (rarely at other times), it is not possible to 
drain it in this manner. Unaer such conditions the lower part of the 
cavity should be filled to a few inches above the level of the ground, 
and the top of the filling sloped so as to throw the water out of the 
cavity in case the whole cavity is not to be filled. Asphalt and saw- 
dust (or asphalt and sand) are excellent mixtures to use in such 
places (p. 31). 

It is doubtful practice to have a deep water pocket at the bottom 
of a cavity with drainage provided through an auger hole bored from 
the exterior. An open untreated hole of this sort commonly becomes 
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a favorable lodging place for insects, fungous spores, yeasts, and 
bacteria, resulting in slime flux. Such organisms usually readily 
infect the wood back of the filling by growing through the hole. 

As already emphasized, great care must be exercised in work- 
ing aroimd the cambium, and all cutting tools must be kept very 

sharp. The final cutting along the edge 
of the bark and sapwood can often best 
be made with a very sharp knife or draw- 
shave. This cuttmg must be followed im- 
mediately by a coating of shellac, which 
should cover the cambium and a narrow 
strip of the bark and the adjoining sap- 
wood (p. 19). 




Figure 12— Section of a tree cavity, 
showing how it is undercut at the 
margins to assist in holding a plas- 
tic filling in place; it also shows nails 
driven into the back of the cavity 
for a similar purpose; 6, Bark; c, 
cavity; n, nails; W, wood. 



UNDERCUTTING 

In cutting out decayed wood where the 
cavity is to be filled with some plastic sub- 
stance the sides often may be imdercut (fig. 
12), so as to hold the finished filling more 
firmly in place. However, when this is done 
care must be taken that the wood at the edge 
of the opening is not very thin, as this promotes the drying out of 
the sapwood and bark at these points. Ordinarily the edges should 
be at least three fourths of an inch thick (Iji inches is better). When 
possible it should include the full thickness of the sapwood. Usually 
the inroUed bark and wood at the sides of an openin'g will have to 
be cut away, in order to remove the decayed 
and infected wood. As a substitute for the 
undercutting (when a substitute seems advis- 
able) one or more strips of wood can be 
nailed around the cavity, the outer surfaces 
of which are level with the cambium (fig. 13), 
or slightly below it. These strips should be 
painted with tar or asphalt so as to water- 
proof them. 

STERILIZING 

After the decayed ,and diseased matter has 
been excavated and the edges of the sapwood 
and bark adjoining the cambium shellacked, 
the remainder of the cavity also must be ster- 
ilized. As already stated (p. 21) creosote 
appears to be one of the most efiicient prep- 
arations to use. Every exposed part of the 
wood and bark must be sterilized, and over 
this and the shellacked portion a heavy 
coating of tar, hot asphalt, or some other 
suitable dressing applied. 

This completes the essential operations in cavity work. Filling 
a cavity is of much less importance and in many cases entirely 
unnecessary. 

OPEN CAVITIES 

A cavity that has been properly cleaned, sterilized, and dressed in 
the manner already described is in condition to be left, with annual or 
more frequent inspection, in comparative safety for years. The new 




Figure 13.— Section of a tree cav- 
ity, showing how strips of wood 
(o) can be nailed along the edges 
to prevent the inrolling of the 
new callus growth and at the 
same time to hold a plastic filling 
more firmly in place. In open 
cavities the back edge of the strip 
should be beveled, as indicated, 
so as to allow ready inspection 
of all parts of the cavity; in cav- 
ities to be filled, the back edge 
should not be beveled. 
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growth of wood and bark along the margins will gradually form an 
inwardly rolled edge if there is no filling or artificial ledge (fig. 13) to 
force it across the cavity. This growth may not be objectionable if 
the crevice back of it can be kept clean and free from insects. Such 
a growth of inrolled wood commonly stiffens the trunk more than the 
average filling, for it acts much the same as an H- or T-beam in 
structural work, and it has the normal flexibility of the wooden 
trunk. Practically all shallow cavities should be left open, for with 
few exceptions there is no safer, simpler, or more satisfactory method 
of handling them. 

An open cavity may be regarded as a hollow wound. All the pre- 
cautions regarding inspection and repair mentioned in the italicized 
paragraph on page 23 and in the paragraph following it apply with 
even more force here than they do in the case of flat wounds. 

BOLTING 

Crotches in trees are often split during a heavy windstorm, or by 
the weight of snow or ice. Sometimes the wood above or below a 
cavity wiU split, perhaps from a 
sudden cold snap (frost crack) or 
from other causes. In such cases, 
where it is possible, bolts should 
be used to pull the parts together 
and close the crack. Under most 
conditions, particularly in large 
trees, it will be necessary to pull 
the limbs together so as to close 
the cr^ck properly before boring 
the hole for the bolt. This may 
be accomplished by using a rope 
and tackle blocks some distance 
above the crotch. When tackle 
blocks are used care must be taken 

to have an abundance of bagging figure 14.-Section ofalarge tree cavity, showing 
or other padding between the bark Jj^^ single bolt should be placed to hold the sides 

and the encircling ropes, or, better, 

a short piece of heavy belting a few feet in length, with a heavy metal 
loop at each end for attaching to the tackle blocks, can be used. 
Another method, particularly when tackle blocks are not available, 
is to loop a stout rope aroimd the two well-padded limbs and tie the 
ends firmly together. A heavy or stiff bar is then placed between the 
two parallel portions of the rope about midway between the two limbs 
and used to twist the rope, thus drawing the limbs together sufficiently 
to completely close the crack, after which the holes are bored and 
the nuts screwed up tightly before the rope is untwisted and removed. 

Often a single bolt can be used for this purpose (fig. 14). In certain 
cavities or crotches it may be necessary to place bolts at different 
angles (fig. 15). In either case a strip of uninjured bark and cambium 
at least an inch wide should be left between the edge of the cavity and 
the end of the bolt, if it is possible to do so. On medium-sized trunks, 
after deciding where bolts can most efficiently be placed, a sharp bit 
(or auger) a haK inch or more in diameter and suflSciently long to reach 
through the trunk and cavity can be used to bore the hole for the bolt. 
On large trunks a larger bit should be used, and it may be necessary to 
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Figure 15— Section of a large tree cavity, 
showing how two bolts should be placed to 
hold the sides rigid. 



bolt, weld, or otherwise fasten on an extension to the shank of the bit. 
This can be done by any good blacksmith, machinist, or garage worker. 

Iron or steel washers (preferably oval) about three times the diam- 
eter of the bolt (fig. 16) may be countersunk into the wood by 
carefully cutting away the bark and wood at both ends of the 
hole with a sharp gouge or chisel. The washers should be ample 
and heavy, but not so broad as to make it necessary to cut away 
an excessively large piece of bark. In most trees when round washers 
_ are used it is advisable to have the 

bark adjoining this countersunk area 
somewhat pointed above and below 
the washer (fig. 17). By holding the 
two washers in place, the length of 
the iron or steel machine bolt can be 
measured through the hole. The bolt 
must be thick enough to fit snugly 
in the hole and should project beyond 
each washer at least one fourth of an 
inch. The thread at each end of the 
bolt must be coarse and sufficiently 
long to permit drawing in the sides 
of the cavity as the nuts are screwed 
up firmly against the washer. A cham- 
fered single-headed bolt may be used 
if preferred. Before the bolts are 
finally put in place the countersunk cuts and bolt holes should be 
tarred or creosoted,and after the bolts are in place aU exposed parts 
of wood, bolts, and nuts should be waterproofed. If the washers and 
nuts are sunl^ deeply into the wood the holes at the ends of the bolts 
may be fiUed with cement or asphalt to the level of, or 
slightly below, the cambium. This wiU make a neater 
looking job and leave the spot in better condition for 
healing over with a smooth surface, but a socket 
wrench will have to be used to tighten the nut. In 
some cases a threaded bolt without nuts will be suffi- 
cient. 

All split cavities must be securely bolted, particularly 
near the upper part, after the limbs are drawn together 
as already described. If the split is an old one and comes 
from a crotch, all decayed and diseased wood should be 
removed from the split and an antiseptic wash and dress- 
ing appUed, after which it can be bolted just beneath 
the crotch (fig. 18, a), so as to hold the parts in their original position. 
If the limbs are large and heavy a second bolt (fig. 18, b) may be 
necessary above the crotch. It usually is advisable to fill (as described 
on p. 30) any cavitv left in a crotch after it has been properly treated 
and bolted, and often also to guy the limbs above the crotch. If 
the split is a recent one, an antiseptic wash alone usually will be 
sufficient before bolting the sides together. Except on heavy work 
or when a crack is to be closed by means of bolts and nuts, washers 




Figure 16.— The 
ends of two bolts 
with oval washters. 
The long diameter 
of the washers 
should run length- 
wise of the trunk 
or limb. 
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Figure 17.— 
The end of a 
bolt with a 
round wash- 
er. Trian- 
gular pieces 
of bark 
should be 
cut away 
above and 
below the 
washer, as 
indicated by 
the broken 
lines. 



often are unnecessary. Some commercial workers use a coarsely 
threaded bolt which is screwed tightly into the hole and no nuts are 
used. Finally, all exposed edges of the crack must be covered with 
a waterproof dressing. If necessary, limbs above split ^ 
crotches may be guyed above the bolts (p. 15). 

COVERED CAVITIES 

Sheet tin, zinc, copper, iron, and other metals, as well as 
canvas and various other materials, have been used to cover 
cavities. When properly applied, these coverings often 
assist in keeping out disease, decay, and insects for a long 
time and usually assist in forcing the new growth across the 
opening. If the covering has been done improperly or if 
the cavity itself has not been properly treated, a covered 
cavity is a much greater menace to a tree than an open one. 

In preparing a cavity for a covering, all the decayed, dis- 
eased, and insect-eaten wood should be removed in the man- 
ner already explained, with two modifications: (1) It is not 
necessary to undercut the edges of the cavity, and (2) there 
should be a narrow half -inch ledge of wood around the margin of the 
cavity from which the bark has been removed and to which the edge 
of the covering can be tacked (fig. 19). The cavity must be thoroughly 
sterilized and dressed, in the way already described. Sheet metal or 
other coverings should be trimmed so as to fit the opening, but should 

leave a strip of bare wood one sixteenth to one 
eighth of an inch wide between the edge of the 
metal and the edge of the bark. This often 
can best be done by making a heavy-paper 
pattern to fit the opening, allowing it to curve 
outward to conform to the general shape of 
the trunk or to curve inward so as to aUow for 
contraction or expansion of wood during sud- 
den changes of temperature. The metal can 
then be cut the same shape as the paper pat- 
tern. By placing the metal on a block of 
wood, holes a half inch or an inch apart can be 
punched or drilled along the margin, through 
which slender flat-headed brads or nails may 
be driven into the ledge of wood around the 
cavity, or if the metal is not too hard the nails 
may be driven directly through the metal. 
The inner side of the metal should be freshly 
painted, preferably with asphalt or tar, the 
entire cavity already having been properly treated. The metal 
should be put in place and nailed with a hght hammer. Two or more 
pieces of sheet metal with overlapping joints should never be used 
imless these joints are soldered airtight. If all insect tunnels have 
not been cut out, the cavity should be fumigated by satiu-ating a wad 
of cotton or cotton waste with carbon disulphide and suspending it 
with a string in the top of the cavity for 12 hours or more before the 
metal is permanently nailed to the wood at the top. Carbon disul- 
phide should not be used near a fire or an open light, as under such 




Figure 18.— A split crotch; the 
dotted lines a and b indicate the 
position in which bolts should be 
placed to hold the split. 
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circumstances it is very inflammable.^ Carbon tetrachloride is some- 
times used instead of the disulphide. This is noninflammable but 
less effective, and more of it has to be used. One or two teaspoonsful 
of the carbon disulphide usually will be sufficient for each cubic 
foot of cavity. During the fumigating process the cavity must 
be tightly closed and sealed with putty, clay, or some equally effec- 
tive substance. 

The final operation is to waterproof the outer surface of the covering, 
the edges of the bark, and the strip of wood between them, taking 
special care that the tacked edges of the metal are made as airtight 
and insect-proof as possible. During all parts of the operation every 
possible precaution should be taken to prevent the cambium from 
being bruised or imnecessarily cut. Such covered cavities should be 
^ closely watched for defects, particularly about the 

O edges of the cover, and any defects detected 
should be immediately repaired. 
FILLED CAVITIES 
Cavities made by cutting out decayed wood 
may be filled in various ways with various ma- 
terials, if for any reason it seems best to fill them 
at all. Three methods of doing this are de- 
FiGURKiQ.-sectionofatree sciibed m the following pages The principal 
cavity, showing the mar- objcct of any nlllng IS to prevent the new growth 
^^cVa^l^tTmeteHft) of wood and bark from rolling or curving into the 
S?ity ^^^^ cavity, and to assist this new growth in reaching 

across the cavity more quickly. Fillings do not 
ordinarily materially strengthen the trunk or limb, as many people 
suppose. In this connection it is well to remember tw.o thmgs: (1) 
That a very large or wide cavity will rarely if ever completely heal 
over, certainly not for many years, and (2) that the uncut callus growth 
that rolls into a hollow tnmk from the edges of an unfilled cavity 
probably strengthens the trxmk more than any filling that involves the 
cutting away of this callus growth. 

FILLING CAVITIES WITH CEMENT MIXTURES 

The material most commonly used in this country for the past 25 
or more years to fill tree cavities has been cement mortar or concrete. 
This material is not recommended for filling all cavities. However, as 
it often holds fairly well in small globular cavities, or even larger 
cavities in the roots or base of the trunk where there is practically 
no movement when the wind blows, and the material is so readily 
obtained and easily worked, a brief description of one of the simplest 
methods of handling it is included here. 

A cavity that is to be filled with cement should be prepared as 
indicated on page 24, particular care being given to undercutting or 
bolting, or both, in larger cavities. Bolts serve not only to support 
the walls of the cavity but also to prevent the hardened blocks of 
cement from falling out when there is Uttle or no undercutting, or 
when the filling becomes loosened by the bending of the tree. In the 
latter case the bolt is a disadvantage, for a tree is better off if a loos- 
ened filling is not held in place. Another way to hold the cement in 
place is to drive large nails or staples half their length into the back 



* See Farmers* Bulletin 799, Carbon Disulfide as an Insecticide. 
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and sides of the cavity, so that the projecting heads are finally 
embedded in the hardened cement (fig. 12). 

A good grade of portland cement and clean sharp sand free from 
loam should be used. One part of the dry cement and 2 or 3 parts of 
the sand should be thoroughly mixed before adding sufficient water to 
allow its being worked into a stiff mortar. This mixture is put into 
the cavity with any suitable trowel and Hghtly tamped into a close 
contact with the dressed walls of the cavity. After partially setting, 
the surface can be worked over with the trowel until moist and smooth. 
The surface of the finished filling should be no higher than the cam- 
bium, as indicated by the dotted lines in figures 12, 14, and 15. Pref- 
erably it should be finished about an eighth of an inch below the level 
of the cambiima and the exposed wood at the edges kept thoroughly 
waterproofed until the new callus has grown down into close contact 
with the cement. If the cement mixture is too thin it may be neces- 
sary to hold it in place imtU partially set. A simple way of doing this 
is to wrap a piece of heavy cloth around the lower part of the cavity, 
keeping it loose enough to allow it to curve outward to about the 
contour of the trunk when the cement is tamped into place back of it. 
Before the cement has fully hardened, this cloth dam should be 
removed, and the cement finished back to just below the cambium 
line. 

FILLING CAVITIES WITH ASPHALT MIXTUEES 

For covering large woimds as well as for dressing cavities, asphalt 
apparently is not excelled by any other substance mentioned in this 
bulletin. The asphalt (also called asphaltum) is the residue of the 
distillation of some of the western petroleums, and varies in. melting 
point from the boiling point of water upwards. It is a black, essen- 
tially soHd substance, which when cold can be sHghtly impressed 
with the end of the thumb nail. The firmer and harder grades (some- 
times know as mastic '0 are usually preferred, provided they are 
not hard enough to crack when struck a sharp blow with a hammer. 
The greatest objection to its use is the fact that it has to be kept melted 
and used while hot, unless mixed with some solvent. This makes the 
process cumbersome and inconverdent, which in itself is a serious 
objection from many points of view, although a coating of clear 
asphalt, properly apphed at the outset, will often last for years 
without renewal. 

As an ingredient of a cavity fiUer asphalt has few, if any, of the 
objections mentioned above for cement, because its elasticity and 
resHience prevent cracking, and it is absolutely waterproof. It is very 
adhesive and does not readily separate from the wood when properly 
apphed. For filling a cavity it should rarely be used clear, but in com- 
bination with coarse, dry hardwood sawdust, excelsior, shavings, sand, 
asbestos, crushed shells, or some other suitable substance. 

An outline of two methods of using a mixture of asphalt and saw- 
dust to fill a cavity will serve in general for the other mixtures 
mentioned. The first method will be more useful when a fire or 
stove can be used near the tree, and the second where this is imprac- 
ticable, as, for example, 6n a well-kept lawn or near shrubbery that 
might be scorched by the heat. However, neither method is recom- 
mended in preference to the wood filling described in the next section, 
owing primarily to the difficulty of getting a mixture stiff enough 
not to slump when exposed to hot summer sunhght. 
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First method. — Thoroughly melt the asphalt in a kettle or other suitable 
receptacle and slowly stir in coarse, dry hardwood sawdust. Continue adding 
the sawdust as long as the particles can be partially blackened by the asphalt 
after several minutes' stirring. This hot pasty granular mixture can then be 
placed in the cavity, which has been prepared as already described, and pressed 
or tamped into close contact with the side of the cavity before it hardens or cools. 
For placing the mixture in the cavity, which already has been dressed with clear, 
hot asphalt, a trowel, paddle, or ladle can be used. The tamping stick should 
have a smooth and slightly rounded end. The end may be covered with sheet 
metal if desired, or a tamping rod made of iron may be used. If the mixture 
adheres to the end of the tamping stick to an extent that interferes with the work, 
a quick twist as it is about to be withdrawn will usually improve, conditions. It 
may be necessary to grease or wet the end of the stick frequently. Often the 
best results are obtained when a steady, slow, heavy pressure is exerted rather 
than a quick tamping movement. A very excellent 2-foot tamping stick can be 
made from a shovel handle. The grip at the end gives a ready purchase for the 
twisting motion. The opposite end of the stick should be rounded, sandpapered, 
and soaked in a lubricating oil or in hot tallow for some hours before being used. 

Second method. — Mix the asphalt and sawdust in a kettle, as described above, 
over any suitable stove or fire anywhere that may be most convenient. When 
thoroughly mixed, dip it out of the kettle and place it on sheet metal to cool in 
the form of pancake-shaped or biscuit-shaped lumps, whichever form may be the 
most conveniently used or handled. The sheet metal may be greased or not. 
The asphalt mixture can be removed when cold by tapping the metal or, if neces- 
sary, by applying a blast torch to the back of the sheet metal. Another and 
often more convenient way of preparing the lumps is to drop the hot mixture into 
shallow molds made in the ground or in sand, and brush off the dirt or sand when 
the limips are cold. These lumps can then be transported wherever they are to 
be used, or they can be stored indefinitely for future use. When used for filling a 
cavity, they may be kept whole or broken into pieces. A blast torch may be 
used to soften the surface of the lump sufficiently to aUow it to pack more readily 
into a cavity before it is pressed into place and nailed firmly to the wood, or the 
lump may have nails driven into it and then be partially or completely dipped in 
melted asphalt and immediately nailed into the cavity. AU the lumps should 
be nailed firmly in place. Small sheets of wire netting, metal lathing, burlap, or 
canvas often can be nailed or stapled over different layers of the asphalt mixtures 
with good results; preferably so they will not show on the surface when finished. 
This operation, perhaps with slight modifications, is repeated until the whole 
cavity is filled. When the blast torch is used in the interior of the cavity care 
should be taken that the cambium is not overheated. A simple way of preventing^ 
overheating is to have a broad paddle of wood, fiber, or other nonconductor 
of heat that can be held over the cambium and bark with one hand while the 
torch is being used with the other. After a little practice, the torch will rarely 
have to be used inside the cavity. 

After aU the decayed matter has been removed and the cavity 
sterihzed and properly dressed, there is no immediate danger in 
delaying subsequent operations if for any reason such delay seems 
necessary or desirable. Moreover, it is unnecessary to put all the 
filling compound into the cavity the same day, or the same week, or 
even the same month. After asphalt mixtures have cooled, the hot 
sticky surface can be restored by passing a hot iron over it or by pro- 
tecting the cambium and using a blast torch. This heating of the sur- 
face should be done just before another batch of filhng is added, 
especially when the first method mentioned is used. 

When a cavity has been filled by either method, the surface of the 
filling can be finished off with a hot iron to an eighth of an inch below 
the level of the cambium. In no case should it be allowed to project 
beyond the dotted lines shown in figures 12, 14, and 15. Frequent 
failures of this type of filling are usually due either to an improper 
mixture of asphalt and sawdust or to inefficient methods of holding 
the filling in place. If a sufficient quantity of sawdust has not been 
mixed with the asphalt or if too much clear asphalt has been used to 
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cement the lumps together when the second method is used, the com- 
position will slowly slump, pull away from the wood at the top, and 
flow out at the bottom of the cavity. To prevent this slumping, the 
surface of the finished filling may be covered with canvas, closely 
woven burlap, thin strips of wood, wire netting, metal lath, or other 
suitable covering, and held in place with long nails, screw bolts, or 
staples that reach into the solid wood at the back of the filling. If 
the bolts, nails, or other staples are too thick to be driven through 
the asphalt without cracking it, they can be heated and slowly pushed 
through to the wood. In shallow fi[llings a simple way is to drive 
in closely set long nails, each nail passing through a large washer. 
As a rule, if these washers are closely set no other covering is necessary. 
When any of these surface coverings are used, the outer face should 
be no higher than the level of the cambium and should finally be 
dressed with tar, asphalt, or paint. 

Care should be taken to avoid bruising or unnecessarily heating 
the cambium at any time. A very good tool with which to finish the 
raw surface near the cambium is a small mason's trowel, the tip of 
which can be heated for a few seconds at a time in the flame of a blast 
torch. A tool of this general shape with a thin edge but with more 
metal at the center is better and wiU hold the heat longer. For 
finishing farther away from the cambium a larger and heavier tool 
will be more useful, e.g., an old-fashioned fiatiron. If masses of 
asphalt project too far beyond the contemplated finished surface to 
be smoothed readily with a hot trowel, they can be cut off with a hot 
trowel, or with a cold chisel and hammer, before the surface receives 
its final smoothing. 

Thinner mixtures of asphalt and sawdust than indicated above (or 
even clear asphalt) may be used when the cavity is so situated or 
shaped that the mixture cannot run out if softened by a high temper- 
ature. This applies particularly to cavities on the upper side of a 
nearly horizontal limb and to those extending downward from an 
opening in the trunk or in a crotch. However, in most deep cavities 
a better method is to fill roughly with wood (see next section) to 
about an inch or less back of the cambium and finish with an asphalt 
mixture, as just described. 

FILLING CAVITIES WITH WOOD 

Asphalt or asphalt mixtures can be used along with blocks or strips 
of dry wood (such as laths or scantlings) for filling cavities. When 
blocks or strips of wood are used as the main filling substance they 
can be trimmed roughly to fit into various parts of the cavity or into 
the whole cavity and painted with asphalt or tar so as to waterproof 
them before they are nailed in place. An entirely satisfactory way 
to do this is to cut a strip of the desired length with a handsaw and 
then use only a small, sharp hand ax and small chopping block to 
trim it roughly to fit the desired place, then remove it from the 
cavity, and drive the required nails or staples part way through it. 

The back of the block or strip and that portion of the cavity in 
which it is to be placed should be covered with a thick coat of hot 
asphalt, and the strip nailed in place. If the wood strips used are 
soft or easily split, it will be safer to use coal tar, as cold asphalt will 
sometimes cause the wood to split before the asphalt will yield. If 
the wood should split, the crack should be filled with coal tar. A 
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long heavy nail set, a center punch, or a saddle punch may be useful 
in driving the nails or staples into the strips. At times it may be 
advisable to use screws or bolts instead of nails or staples. The blocks 
or strips of wood need not be very carefully fitted, because the asphalt 
mixtures, particularly asphalt and sawdust, will fill practically aU 
spaces between them. It usually does no harm if some spaces are 
not filled, provided they are not at the surface of the filling. The 
grain of the blocks or strips may rim lengthwise of the trunk and 
extend the entire length of the cavity, at least when near the surface, 
or it may run across the cavity, or in different directions in alternating 
layers. Each method seems to hold equally well. 

In large cavities, when the grain of the strips runs lengthwise of 
the trunk, a strip or layer of strips an inch or two thick may first be 
placed in the back of the cavity and then the building up done mainly 
from the sides (fig. 20). If such a filling is planned so that there will 
be an unnailed but thoroughly asphalted closely fitting joint extending 

the length of the cavity and from the layer 
of strips first nailed to the back of the cav- 
ity to its outer surface (fig. 20, a-c), there 
will be very little danger of the filler pulling 
away from the sides of the cavity as a result 
of a contraction of the sapwood during a 
cold spell. In such a filling the opening, if 
it comes, will be along the line of least resist- 
ance, which in this case will be, almost in- 
variably, the unnailed joint lengthwise of 
the filling. In section this joint may be a 
straight or a zigzag fine, preferably the 
^ „ , _ latter. As the crack closes when the 

FiQUEE 20.— Section of a tree cavity xi. r. xi. i- ix m 

filled with strips of wood. The Weather becomcs warmer the asphalt will 
"nach%fera^^^^ ^suaUy Cement the two edges of the joint 

No ^^^^ driven across the zig- together again; but even if it does not, both 

surfaces of the crack still will be covered 
with waterproof asphalt.^ If the strips of wood used in the cavity 
are creosoted before they are put in place, the danger of infection 
as a result of wetting is stiU further safeguarded. The exposed 
surface of the completed filling should be trimmed back to about 
one eighth of an inch below the level of the cambium, either before 
or after the strips are nailed in place, so as to conform more or less 
closely to the shape of the trunk (fig. 20), and finally painted with hot 
asphalt, coal tar, or paint of any desired color. 

For keeping the asphalt melted, some sort of heater wiU be required. 
In most cases one that is readily portable will be most useful, for the 
asphalt can usually first be melted over some less portable heater or 
stove and the portable heater used merely to keep the asphalt melted 
while it is being used. Often it will be most convenient to have a 
rather smaU heater, such as some blast torch, or a plumber's or tin- 
smith's stove — possibly one that can be suspended by a padded wire 
from a limb of the tree. A galvanized-iron pail with a capacity of 
about 10 quarts or less may be useful for this purpose. The bail 
socket should be riveted to the pail. With a little ingenuity one of 

1 Excellent preparations to use between the strips of wood, containing asphalt and asbestos, can readily 
be purchased of dealers in roofing materials or flashings, and they have the advantage of being mixed ready 
for use without heating. At times it may be an advantage to mix sawdust or some similar substance with 
them. 
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FIGURE 21.— Section of a tree cavity par- 
tially filled with strips of wood. The 
numbers indicate the order in which 
the strips are inserted. 



the heaters mentioned above can be altered so that it may be sus- 
pended by means of two long hooks to the bail sockets of the pail or 
to the top of the pail, and the pail and the attached heater carried 
about by the bail, yet the two can readily be separated if desired. 
The pail and heater can be suspended from the limb of a tree by a 
padded hook, or the heater can stand 
on a board on the ground and the pail 
be set on top of it.^ 

Oftentimes it is neither necessary nor 
desirable to fill a cavity completely; or 
perhaps the necessary time to complete 
the work promptly is not available. 
Under such conditions the cavity can be 
cleaned out, steriUzed, and dressed. 
If an inroUing callus is objectionable, 
strips of sterilized or waterproofed flexible 
wood can be nailed along the edges of the 
cavity, the outer edge of the strip being 
no higher than the cambium line (fig. 13). 
In most cases if this strip is a half inch 
thick it wlQ for some time prevent the 
new callus growth from rolling into the cavity, and before the new 
growth has reached across it another strip can be nailed over it, or the 
cavity completely filled. If these strips are used it will be necessary 
to fill the small pocket back of the strips at the bottom of the cavity 
with wood or some plastic substance, so that it will not hold water. 

If it is impracticable or inconvenient to use hot asphalt and saw- 
dust or some of the commercial materials between or behind the 

strips of wood in filling a cavity, a sub- 
stitute can be found by mixing sawdust 
with creosote and asphalt (p. 21), or with 
coal tar, or even with paint. Perhaps 
the best home-made substitute for the 
heavy asphalt is a mixture of coal tar 
and dry sawdust. This mixture does not 
necessarily have to be heated during any 
part of the operation unless the work is 
done in very cold or freezing weather. It 
is better, however, to have the tar hot 
when the sawdust is being mixed with 
it. No definite proportions for the 
tar and sawdust can be recommended, 
because the quantity of each ingredient 
is largely dependent upon the grades 
and kinds of sawdust and tar that are used. In his own work the 
writer has found that 1 part of thoroughly dry sawdust by weight to 
3 or 4 of coal tar or 3 to 4 parts of sawdust by bulk to 1 of coal tar 
give a mixture of about the right proportions. The mixture should 
be stirred (preferably when warm) until it is of an even consistency — 
somewhat granular but sticky and pasty. When put in the dry 
cavity, it should readily stick but should not be thin enough for the 
tar to ooze out, at least not until the mixture is compressed by nailing 
or stapling the wood strips firmly in place over it. It will be advisable 

6 See footnote 6. 




Figure 22.— Section of a tree cavity 
partially filled with strips of wood; 
these are bolted to the walls of the 
cavity. The numbers indicate the 
order in which the strips are inserted^ 
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to paint with clear coal tar the exposed wood, the strips that have 
been fastened in the cavity, and the back of the strip that is to be 
inserted before inserting the sawdust and tar mixture (p. 35). 

Generally, when the strips run lengthwise of the cavity, some such 
arrangement as is shown in figures 20, 21, and 22 will be found most 
advantageous, as such an arrangement permits more freedom in 
driving the nails or staples, or in placing the screws or bolts in position 
through the strips. The edge of the strips at the surface should be 
trimmed off in a line no higher than the cambium, as shown in figure 
20, or the strips may be trimmed back to a line behind the cambium 
and 1, 2, or more thin strips of sufficient thickness to bring the surface 

nearly up to the cambium line nailed, screwed, 
Z ^ or bolted over it to form an outside layer, as 

\ \ shown in figure 23. Another method is to 

replace the strips numbered 11, 12, and 13, in 
figure 23, with a layer of asphalt and saw- 
dust, as described in the preceding section. 
The order in which the stnps may most con- 
veniently be placed in the cavity is indicated 
by the order of the numbers on the strips in 
figures 20, 21, 22, and 23. 

In long fillings, particularly in flexible 
branches when the grain of the wood strips 
runs lengthwise of the cavity, a bolt and metal 
washer near each end of the filling, and 
perhaps another at the center, will prevent 
the ends or center working loose. Figures 22, 
23, and 24, with their legends, will explain the 
details of placing the bolts and washers. The 
bolt and washers will rarely be needed when 
the grain of the wood runs across the cavity 
or when alternating layers of strips are at 
different angles to the adjoining layers. If 
the smooth surface of any type of filling is 
esthetically objectionable it may be carved, 
modeled, or painted to imitate more or less closely the natural bark, 
but if tliis is done the surface of the filling should not cover the edge 
of the cambium at any point. 

COMPLETED WORK NEEDS WATCHING 

Tree owners and superintendents of trees in parks, on streets, and 
on other public land often neglect to keep close watch of their trees, 
in order that defects which appear in the work may be repaired 
promptly and new injuries elsewhere on the tree may have immediate 
attention. This statement applies to all pruning wounds and cavities, 
either filled or unfilled. If a tree is of sufficient value to warrant 
proper and careful treatment, it certainly is worth the slight expense 
of subsequent annual inspection and the immediate treatment of 
newly discovered injuries at a time when the necessary outlay to keep 
the tree in good condition will be comparatively small (p. 13). Opera 
or field glasses will be an aid to any such inspection made from the 
ground. 




Figure 23.— Section of a tree cav- 
ity filled with strips of wood, 
with a thin surface layer of 
strips (nos. 11, 12, 13). The bro- 
ken line X-X indicates where a 
bolt, when necessary, should be 
located to hold the ends of a fill- 
ing, as indicated in figure 21. 
Occasionally it may be neces- 
sary to place bolts at both X-X 
and Z-Z. No bolt should pass 
through the unnailed zigzag 
joint a-c. 
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PERSISTENCE OF SCARS 

It should be borne in mind that scars where large limbs have been 
removed, or large cavities filled or left open, will be unsightly spots 
to the majority of people for years, even under the best of conditions. 
If the scar is a large one, it may never entirely heal over before the 
tree succumbs to other destructive agencies, and consequently it 
may remain a permanently conspicuous defect (p. 4). It mi^t 
so happen that a large scar or filling would be 
too unsightly and conspicuous to please the owner. 
Here, again, greater satisfaction may be realized 
in the end by having the diseased tree replaced 
by a healthy one. 

COMMERCIAL WORK 

If a tree owner prefers to employ a commercial 
worker to attend to his trees, it may be advisable 
to have a definite written contract concerning at 
least certain important phases of the work, in ad- 
dition to specifying the price and the methods of 
payment. Besides the type or types of finished 
cavity work, the following are suggested as points 
that may be incorporated in the contract — points 
to which no rehable tree worker ought to object: 

(1) No climbing spurs shall be used on any part 
of a tree. 

(2) The shoes worn by the workmen shall have 
soft soles. 

(3) In cavity work all diseased, rotten, discolored, 
watersoaked, or insect-eaten wood shall be re- 
moved and the cavity inspected by the owner or 
his agent before it is dressed. 

(4) Ordinary commercial shellac (p. 19) or 
some other efficient covering shall be applied to 
the cut edges of sapwood, bark, and cambium 
within 5 minutes after the final trimming cut 
is made, or as soon afterwards as the surface be- 
comes sufficiently dry. 

(5) All cut surfaces shall be painted with 
shellac or creosote, followed by tliick coal tar 
or asphalt, or other equally permanent covering. 

(6) The contractor shall repair free of expense any 
defects that may appear in the work withm 2 years. 

Under certain conditions various modifications of these suggestions 
may be advisable, but alterations in nos. 1, 2, 3, and 6 should be 
made with caution. If certain crotches are split or particular limbs 
on some trees need bracing, it may be well to include a statement of 
just what limbs shall be removed from particularly choice trees. 
And, last but not least, some provision should always be made for 
the regular inspection of the trees every year, imless the owner or the 
superintendent of street and park trees prefers to do this himself. 

ADDITIONAL INFORMATION AND SUGGESTIONS 

The treatment of tree wounds has not received the support that it 
warrants from tree owners md officials in charge of public grounds, 




Figure 21— Surface view 
of a tree cavity filled 
with strips of wood, as 
shown in section in fig- 
ure 20; the surface has 
not yet been water- 
proofed. The broken 
lines show the position 
of the bolts and the 
broad washers. The 
washers should be of 
heavy iron and wide 
enough to reach across 
all the strips at the point 
where they are placed. 
The bolts should not 
pass through the un- 
nailed joint a-c indicat- 
ed in figures 20 and 23. 
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including streets and roadsides. This at times msij be due to unfa- 
vorable experiences with ignorant tree workers, particularly in regard 
to cavity work; at other times to the reluctance of the owners to 
spend much money in preserving their trees, or to ignorance of the 
benefits that may result when the work is properly done. ReUable 
and conscientious tree workers are doing much in a practical way to 
show the pubUc that injured trees will favorably respond to proper 
treatment. 

The practice of treating tree wounds is very old and probably all 
of the best methods are well known. Tree owners should regard with 
suspicion all persons or firms who claim or intimate that the work is a 
secret art. They should be particularly cautious about allowing 
persons to work on their trees who claim to have secret methods of 
curing or treating disease, decay, or insect injuries in trees. Cases 
still are occasionally reported where tree owners have been victimized 
by fakirs who bore holes into tree trunks and insert some reputed 
secret ''cure-all" preparations. 

A few States, notably Connecticut and Rhode Island, have laws 
T^egulatiQg work on a commercial basis. This is a decided step toward 
improvement and standardization of methods and better coopera- 
tion among workers. 

The Department of Agriculture iavites correspondence concerning 
methods in treating trees that have been injured. By cooperation 
of this sort the practice of tree treatment ought ultimately to attain 
a higher place in the estimation of the general public than it now holds. 

Finally J tree owners are urged to remember at all times that the neces- 
sity jor extensive work on a tree 15 or 20 years hence may he reduced very 
materially by promptly atteTiding to the fresh injuries oj today. 

It is beheved that the methods described in this bulletin are not 
covered by letters patent granted to any individual, firm, or corpora- 
tion, but the Department of Agriculture assumes no responsibility 
in this connection. 
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